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PREFACE 


ER a ee and regional meetings held since 1975 as part of the 
are nternational Environmental Education Programme (IEEP) and par- 
cularly the International Conference on Environmental Education held i 
Tbilisi, Union of Soviet Socialist Republics, in 1977, have stressed i 
importance of providing those involved at various levels of the educational 


establishment with guidelines and conceptual instruments likely to stimulate 
the development of environmental education. 


To that end, the IEEP has initiated national research and pilot projects 
and training seminars in more than 60 Member States in various parts of the 
world aimed at fostering the development of topics, methods and materials for 
that type of education. The resulting experience has gone into the preparation 
of a series of experimentally oriented publication for the purpose of dealing 
with current environmental problems by an interdisciplinary educational 
approach which meets the methodological demands of the various levels and 
types of school education and the training of teachers. 


The scope and diversity of modern environmental problems are such that 
many spheres of life lend themselves to environmental education (EE); these 
include the utilization and management of natural resources, nutrition and 
health, the environmental problems of urban areas, the control and alleviation 
of various forms of pollution, etc. 


"Energy: an interdisciplinary topic for environmental education' is not 
an exhaustive discussion of all environmental questions; rather does it try to 
give an original presentation of certain select topics connected with energy, 
while stressing the complex and comprehensive nature of the problems involved. 
Moreover, it uses an educational approach based on an active and interdisci- 
plinary treatment of environmental education within the frame of general 
school education. 


Teachers and students in secondary schools for whom this work is 
primarily intended, but other readers as well, should remember the experi- 
mental nature of the contents, methods and examples used and hence to view 
them critically before applying them in practice. 


This publication has been prepared as part of the Unesco-UNEP inter- 
national environmental education programme by a team of specialist members of 
EDEN(1) (Ecologie, Développement et Energétique) directed by Mrs Jean-Paul 
Deleage and Christian Souchon, both of the University of Paris VII. 


Finally, IEEP would like to thank the Information Department of Elec- 
tricité de France for allowing them to use their pamphlet '26 Legons sur 
1'Energie’ (26 lessons on energy), the text of which, slightly amended and 
amplified, has been used in the second part of this text. 


& 
* * 


The designations employed and the presentation of material aie 
this publication do not imply the expression of any opinion whatsoever on t : 
part of Unesco concerning the legal status of any country, territory, sal pe 
area or of its authorities, or concerning the delimitation of its frontiers 0 


boundaries. 


(1) EDEN: 18 rue des Fosses-St.-Jacques, 75005 Paris, France. 
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INTRODUCTION 


a. ae problems are becoming increasingly important in the general con- 

or the control of resources: they involve the amounts of energy avail- 
able, the cost of obtaining them, the political and economic constraints. the 
exhaustion of reserves ... While these problems sometimes impinge on eee 
economic features of the industrialized countries, they are also of crucial 
importance to the developing countries: in fact, if these countries are to 
have a harmonious future, they must have some access to energy resources and 
learn to husband them by the most careful decisions based on the best possible 
Situation analysis and on maximum practical knowledge. 


Side by side with technical efforts or attempts to optimize economic 
exchanges, a broad educational campaign can foster more appropriate attitudes 
to the husbanding of energy resources, on the individual level no less than 
within larger or smaller social communities. 


In fact, the consumer considered as a responsible social agent on the one 
hand, and the general economic system on the other hand, far too often appear 
as separate entities, when the sum total of direct or indirect individual con- 
sumption of energy has a marked effect on the overall exploitation of re- 
sources. Knowledge of all the implications of the use of energy resources is a 
prerequisite of the training of individuals familiar with environmental prob- 
lems and with their causes. Energy is one of the most fundamental topics in 
this area: in fact, no human activity can be performed without raw materials, 
without human labour ... and without energy. 


However, because of the larger number of concepts involved, it is diffi- 
cult to make the subject of energy the direct basis of environmental edu- 
cation. In fact, that subject demands the greatest possible number of contri- 
butions from various disciplines. This fact encourages the use of an inter- 
disciplinary approach which is indeed considered one of the essential charac- 
teristics of environmental education: energy looms large among the so-called 
integrating or federating themes. 


One of the first requirements of an interdisciplinary approach (as dis- 
tinct from a pluridisciplinary approach which is confined to a mere juxta- 
position of disciplines) is that teachers who have specialized in one disci- 
plinary field should have access to the concepts of other disciplines. This 
seems a prerequisite on the one hand of serious communication between members 
of the teaching team, and on the other hand of a systematic approach clearly 
demonstrating the global character of a given theme and the links between the 
theoretical concepts and the socio-economic situation (including environmental 


problems). 


teaching teams based 


Now, the creation of interdisciplinary cohesion in 
d, was the main reason 


on a sound initial understanding of the concepts involve 
for preparing this publication. To that end we have tried: 


ements needed to grasp the 


to present in simple form all the conceptual el 
c ‘ ical consequences inherent 


special characteristics of energy and the pract 
in its use; 


help of data 


d jety with the 
to define the links between energy and soc y: a consumption of 


bearing on the problems of the supply, production, use an 
energy; 


oe 


the educational field, such methodological consider- 
a elements as will render possible the performance of 


to introduce, i 
ified and supported by adequate prior reflection. 


ations and modular 
concrete tasks, just 
n parts and several appendixes. The first, 
This paper oe cae to teachers: it is a reflection on, 
sine eas alae £ roblems connected with the control of energy in the con- 
aee-en ayaa Pia weckind part is more concerned with practical teaching 
oe a nil ies first section examines methods most appropriate to environ- 
— - ia and to the theme under discussion; the second and third 
mental e tee intended to provide, in the form of an educational module, a 
cee method for direct use with and by pupils. This module comprises: 
(a) texts presenting energy concepts in a simplified way and laying the foun- 
dations for discussions leading to educational activities; (b) worksheets for 


use with, or after reading of, the suggested texts. 


The first of the appendixes is meant for readers hoping to gain a deeper 
knowledge of concepts used in discussions of energy; the remainder presents a 
new methodological approach to energy control, namely eco-energy balance- 


sheets, and a glossary. 


Though this paper is chiefly addressed to the educational sector, it may 
also prove useful to energy users faced with concrete problems of energy con- 
sumption and control in the course of agricultural activities, running a small 
industry, building, home life ... All these areas pose special problems that 
do not seem to have been fully resolved to date (public awareness, methods, 


special education ...). 


It must, finally, be underlined that this module has an experimental 
character. Readers in general and teachers in particular are accordingly 
invited to approach the contents, the methods and the examples with a critical 
eye, to adapt them to local conditions and to evaluate their educational 
effectiveness accordingly. 


PART ONE 


ENERGY IN THE UNIVERSE AND IN HUMAN SOCIETY 
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CHAPTER I: ENERGY IN THE COSMOS AND IN THE BIOSPHERE 


al gs ENERGY IN THE COSMOS 


Ovex the centuries, the known frontiers of our universe have been reced- 
ing. Galileo realized that the Milky Way was 'a cluster of luminous stars', 


and we know today that the cosmos is made up of innumerable stars combined 
into innumerable galaxies. 


Galaxies are collections of stars; their structure and dimensions are 
highly variable. The smallest galaxies contain thousands of millions of stars; 
giant galaxies contain hundreds of thousands of millions. Bright as 10,000 
million suns, the big galaxies still visible to us are thousands of millions 
of light years away - one light year is the distance travelled by light in one 
year - and the speed of light is 300,000 km per second! Our galaxy, the Milky 
Way, with its thousands of millions of stars is a medium-s{zed galaxy. It is 
the shape of an immense disc with a diameter of 100,000 (10° ) light years! 


The sun is just one star among many, albeit the most important for us. In 
1963, two astrophysicists (Schmidt and Sandage) discovered stellar objects of 
a different type. These objects emitted radio waves and they called them 
quasars (or quasi-stellar sources). Quasars are situated at the confines of 
our Universe now being explored by radio astromoners and are a hundred times 
more powerful than the greatest of galaxies. A single quasar is the centr of 
physical processes capable of releasing a flux of energy a billion (10 ") 
times that generated by the sun. 


It was not until the twentieth century that the methods of producing and 
transferring the enormous quantities of energy found in stellar objects began 
to be explained; before that could happen the physical nature and structure of 
stars had first to be elucidated on the macroscopic scale, together with the 
mechanisms of nuclear reactions leading to the transformation of matter into 
energy on the microscopic scale. The stars radiate energy: they are the centre 
of irreversible energy-releasing structural changes. 


However, these changes are generally too slow to make themselves felt on 
the scale of human history. Physicists have shown that the nuclear reactions 
- triggered off by high stellar temperatures are the main source of energy in 
the stars. However, at certain phases of stellar development, other forms of 
energy also play an important role: gravitational energy in the case of stars 
in the process of formation, thermal energy in white stars, etc. 


Let us now give a highly simplified account of how astrophysicists ieisig! 
the development of most stars. Initially, a cloud of interstellar gas is “hela 
jected to two types of force: (a) the force of gravity which tends to ame 
the particles, the outer layers pressing on the inner layers; and ae Sette 
dom thermal agitation of the particles which, by contrast, Bon Re sce _ 
the cloud. Under certain conditions of temperature, density; os Ane fini 
be determined by physicists, the gravitational forces prevail hype a ae 
persive forces and we then witness the contraction of the clou aie pata 
effect of the gravitational forces. There has been a pire eee sbiain 
potential energy of gravity into the internal energy of the em Caged pipe 
whose temperature and density keep increasing. When these a Sikes thermo- 
high enough values (the temperature measuring millions of ao ibd posesciin an 
nulcear reactions are triggered off in the central regions. fe usin isp te Sate 
of matter into energy releases the radiation responsible for t 


k= 


urse of time, the chemical composition of the star begins 
i ee changes in structure and luminosity and a loss of 


formed into a ‘cold" star. 


the star. Me 

change, wit 
oe: a 'hot' star is trans 

lain nuclear transfor- 
Bethe put forward a theory to exp 

; mn ee aii ie the sun and similar stars. The extreme temperatures 
pie ee ae of the sun together with the fantastic pressure exerted by its 
ace ae fusion of hydrogen nuclei. The fusion of our hydrogen nuclei 
pet ce formation of a helium nucleus whose mass is slightly smaller than 
= re four initial particles. All in all, every single second, 582 
len tons of hydrogen in the sun are transformed into 578 million tons of 
mi 


helium. The difference in mass is transformed into radiant energy. As a 


result, 625 billion joules of energy are released for every gram, of helium 


formed. dhe power thus generated by the sun is put at @273::10 aN or 
8.91 10! tonnes of oil equivalent per second; knowing the mass of the sun we 
can determine the approximate time when its reserves of energy will be 
exhausted (if it continues to shine with the same brightness); the answer is 
7,000 million years. The figures we have just presented are intended to convey 
a rough idea of the scope and complexity of the energy processes at work in 
the cosmos. The orders of magnitude to which we are accustomed here on earth 
do not suffice to evaluate and analyse them: indeed, all our classical con- 
cepts of time and space are inadequate. Moreover, physicists do not always 
agree on the correct interpretation of the phenomena they observe nor on the 
history of the universe they can reconstruct from their observations. For our 
part, we need merely recall that, quite generally, matter and energy are the 
two forms in which the universe is revealed to us: increases and decreases in 
energy invariably go hand in hand with decreases or increases in mass. One of 
the major scientific and technical problems of our times is the management, 
for the good of mankind, of just one tiny bit of cosmic energy, namely that 
bit which reaches us from our own small star: the Sun. 


Mankind, in fact, has no energy sources other than: 


"the heat of the sun' and its present-day by-products (biomass, wind, 
hydraulic energy ...) or its fossilized by-products (petroleum, gas, 
coal...) 


"the heat of the earth' in active (geothermal) form or awaiting release 
(nuclear fuels); 


interstellar attraction (gravitational energy) expressed concretely in 
the movement of the tides, 


II. ENERGY IN THE BIOSPHERE: ECOSYSTEMS 


ig General 


= reg of the utilization of energy by human societies cannot be 

ioe eee a knowledge of the elementary principles governing man's 

SEE tes cos see oa as a biological species: the plants and animals on 

ao S, the orests he exploits for his heating and for cooking his 
» are all Part of a living world subject to ecological laws. 


ree Sistiva ete ementieint our own lives may have become, we ourselves 

Pd Nipvedinat, Hor si of ecological pyramids which, starting from the sun, 

Bile Peeueen ict ug Plants and animals. Ecology, the study of the relation-— 
iving organisms and their environment, helps us to a better 


- ] = 


appreciation of the place of energy in our life. 
energy in the living world, we are forced to divide that world into eco- 

systems, so many "pieces of nature' (a prairie with the herds of herbivorous 
animals who feed on it and the micro-organisms that recycle the waste prod- 


bets; 8 forest with all the plant and vegetable Species that constitute it and 
live in it both on the surface and in the sod). 


Now, to study the role of 


22 The structure of ecosystems 


We can treat ecosystems as complex thermodynamic systems open to the 
environment. Open to the environment because, in order to function they need 
energy and materials they can assimilate; complex because they are made up of 
parts that perform different functions: while some organisms (green plants) 
can capture solar energy directly, others can only use the energy of other 
organic matter. The first group, the green plants, called primary producers, 
are able to synthesize their own organic substance with the help of solar 


energy. This synthetic process is completed with the help of carbon dioxide, 
water and solar energy. 


Plants that can capture solar energy and use it directly are called auto- 
trophic (a synonym for carbon-users since they form their organic substance 
directly from the carbon present in atmospheric carbon dioxide or, in the case 
of aquatic plants, from carbon ions in the water). 


A second group is made up of animals feeding on plants (phytophagous 
animals). They are secondary converters: incapable of using solar energy 
directly, they depend on the energy accumulated in plants or in other animals; 
they are said to be heterotrophic (i.e. their food is based on organic mol- 
ecules elaborated by other living organisms). 


Some heterotrophic organisms feed directly on plants: the big herbivores, 
insects, etc. Next come the carnivores, animals that eat animal flesh, 
i.e. feed on herbivores. Some organisms, including man, can feed on both 
plants and animals. 


We can now paint the following picture of the ecosphere: all life comes 
from the sun; sunlight is captured by plants which transform it by photo- 
synthesis into the organic matter constituting the ve Cees of forests, 
prairies, fields, marine plankton, etc. That vegetation is eaten by ae 
and by man. A third category of (heterotrophic) organisms uses waste, oan 
matter, and cadavers: it is part of complex chains of detritivores. The smal1- 
est of these organisms are the so-called bioreducers (bacteria and fungi) 
which cause the disappearance of organic matter and release its constituents 
into the environment (hence they are also referred to as mineralizers). 


At every level, organisms live and develop by drawing what penne 
need for their own metabolic maintenance or for growth, from the See 
level. Every organism absorbs a great deal of energy to SEOrS ; ae ae 
small amount of energy in the bonds of its molecules; as a result oe 
olism of every organism involves the surrender to the phe nite a ie or 
deal of degraded energy produced by respiratory processes. te of &11. 
system in equilibrium, i.e. of constant mass, the ghee ey Fixkd by photee 
the organisms ensures that the whole of the energy originality 


gy osystem. 
synthesis is dissipated: we say that a flow of energy traverses the ecosy 


tes a 
Every category of the organisms making up the ecosystem pies goer 
trophic level: the various trophic levels are organized sl ovicianipe DECReetl 
soneary ones which, in ite turn, reflects the energy re/ationsh!p 


Oe 


esent relationships between species, we 


to repr 
(when we try namely a trophic network). 


levels i 
fiieas licated picture, 


obtain a more comp 


3 The energy efficiency of ecosystems 
(a) Biomass and productivity 


F ery trophic level we can determine a biomass: the mass of living 
ae Rosen ssed either in mass of dry matter or as the energy equivalent 
organisms ee g. tonnes/hectare, kilocalories/m? ...). For terrestrial 
nemiaest ihc important biomass is that corresponding to the vegetation, 
gra level of primary producers; it is the smaller the higher we go up 


ee acca: this fact can be represented graphically by a so-called biomass 


pyramid. 


Biological productivity is the quantity of living matter elaborated in a 
given period by a given biomass. It is helpful to express this quantity by its 
energy equivalent. Biomass and productivity have been rightly compared to 
capital and interest. Productivity is often expressed in terms of an annual 
production cycle (e.g. kcal/ha/year). Like the biomass, it can be represented 


graphically by a (productivity) pyramid. 


(b) Energy flow in ecosystems 


An ecosystem cannot function unless it is traversed by a constant flow of 
energy. The incoming part of this flow corresponds to the solar energy used, 
and the outgoing part to the energy spent on respiratory exchanges by all the 
organisms constituting the ecosystem. 


The following diagram illustrates the structure of this flow within the 
ecosystem divided into trophic levels. 


(c) Efficiency of ecological chains and the productivity/biomass ratio 


The quantity of energy which, starting from solar energy, goes into the 
formation of organic matter represents no more than a very small portion of 
the total energy available; the ratio (PG/LT) is of the order of 1 per cent. 
Then, as we pass from one trophic level to the next, we find that the ratio is 
of the order of 10 per cent. 


Decomposers 


FIRST ORDER 


A CONSUII ERS 


A,—+|PS,| + R, 


Bioreducers . 


LE: 

LU and LNU: 
LNA: 

PG and PN: 
I, and I,: 
NA, and NA,: 
PS? 


The organic matter corresponding to the quantities 
enter into a subsidiary chain: that of the decomposers an 


SECOND ORDER 
CONSUMERS 


GENERAL FLOW OF ENERGY IN AN ECOSYSTEM 
total radiant (light) energy 
parts respectively used and not used by the ecosystem 


energy not used by plants for chlorophyll assimilation; in the 
case of terrestrial plants, this part supports transpiration 


gross and net primary production by primary converters, R being 
the energy dissipated in the form of heat by the respiration of 


green plants 


quantities of energy ingested in the form of food by consumers 
of the first order (herbivores) and by consumers of the second 
order (carnivores) 


non-assimilated fractions; NU, and NU,: fractions of these 
trophic levels not used by the next level 


net production of herbivores whose A, (assimilated energy) 


roughly represents the gross production 


NuU., NA,, NU,; NA,» 
a bioreducers whose 


respiration is expressed by Rk: 


100 
LT 
4 X45 
LN LN 


Green plants 


Herbivores 


Carnivores 
(first level) 


# N Rs Carnivores 


(second level) 


ENERGY FLOW THROUGH A DECIDUOUS FOREST IN A TEMPERATE REGION (after 
MacCormick, 1959, partly modified). The figures are expressed in successive 
percentages of LT, PG, PN, PS > PS,» D (productivity of decomposers) and B 


(productivity of bioreducers), Ri and RX. give the energy spent by decomposers 
and bioreducers respectively. 
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CHAPTER II: EVOLUTION OF SOCIETIES AND ENERGY USE 


By HISTORICAL INTRODUCTION 


Two great stages in the history of mankind mark the use of solar energy: 
the emergence of agriculture during what has become known as the neolithic 
revolution, and the advent of industrial societies at the end of the eight- 
eenth century following the invention of the steam engine. 


In a predominantly agricultural society of the neolithic type, the sun is 
man's sole source of energy and that energy reaches him almost exclusively 
through ecological systems; to the energy of food must be added the energy of 
fire derived from wood and possibly the energy due to animal traction. All in 
all, each individual in that type of society can draw on about 10,000 kcal a 
day. At the opposite end, in contemporary industrialized civilizations, there 
has been a complete change in the energy flow used by man, thanks to his mass- 
ive recourse to fossil fuels: solar energy stored by ecosystems in geological 
time. In the United States of America, nowadays, every individual can draw 
250,000 kcal a day. Hence, whereas in a traditional society, man drew just a 
fraction of the solar energy trapped in ecosystems, in an industrialized 
society, social life involves a large-scale tapping of the energy capital laid 
down in fossil reserves (coal, petroleum, gas). 


The way in which the use of energy is organized in human societies can be 
described with the help of such simple concepts as converters, channels and 
energy systems. 


II. CONCEPTS CONNECTED WITH THE USE OF ENERGY IN HUMAN SOCIETIES 


In all societies, men face the problem of the transformation of an enor- 
mous flux of crude energy that reaches our planet in potentially usable form: 
we need only recall that solar energy alone represents 10,000 times the sum of 
all the energy used by contemporary societies. Converters have the job of 
transforming this crude energy into useful energy. We distinguish between bio- 
logical converters such as plants and animals, and artificial converters such 
as water wheels and steam engines. Converters differ in both the type of : 
energy they work on and also in efficiency. Efficiency 1s defined as the oe : 
of the useful energy supplied by the converter to the energy it Se ae we 
the efficiency of a steam engine or of an internal combustion eke oe kn 
fined as the ratio of the mechanical energy made available through the ari 
shaft to the energy contained in the fuel used (coal, petrol, etc.). 

Man himself is a converter. He absorbs energy in the form a ae 
3,000 kcal a day) produced with the help of solar energy Lae ae ae 
animals. Half that energy, or about 1,500 kcal represents man Ss conte xe8ll 
bolic needs; the remaining 1,500 kcal can be transformed ep ae eee 
energy with an efficiency of about 20 per cent. Hence man sed, duvaeioet he 
300 kcal of useful mechanical energy a day in various socia re etek MewEE 
centuries, the human converter has been the most closely at ash ny 
because its ‘efficiency’ is the highest in the aor : is - — oust 
‘efficiency’ of a horse hardly exceeds 10 per cent, and poe saiarbeceoand ’the 
still. In past centuries when tools or machines were rat cutie eke eet 
methods of animal traction rather ineffective, slavery, te 
must have seemed a highly rational system of energy convers . 


aie 1 


as water wheels, better harness, the 

ake dees penn nar ts ee ee have given man control over 
gee hie energy in increasingly varied forms. In practice, the 
ggctetare) ene (solar energy, coal seams, etc.) into usable energy 
Sembee! Heed for not just one converter but a whole chain of con- 
ee to the different phases of utilizing the initial re- 
transport, etc.). The efficiency of a chain 
roduct of the efficiency of the successive 


conversio 
(heat, motion .. 
on 
verters corresp 
source (extraction or collection, 


of converters is defined as the p 
converters of which it is made up. 


In general, a chain of converters must, according to J. Lacoste(1) sat- 
isfy three compatibility rules, or constraints: 


- Quantitative constraints: It is impossible to use just any form of 
energy for just any purpose. In other words, the final energy must satisfy 
precise demands: nourishment, heating, mechanical work, etc., and hence must 
present itself in specific forms: food, wood, steam, petrol, electricity ... 
Without certain converters it is impossible to use various natural resources 
efficiently: without a steam engine the thermal energy liberated by the com- 
bustion of coal cannot be converted into mechanical energy; before the use of 
sails or windmills, wind energy could not be converted into mechanical energy, 


etc. 


- Locational constraints: A human community needs energy at home or at 
work. Here we have a fundamental problem: the difficulties of transporting 
energy (wood, for example) have for millennia been so many obstacles to human 
progress. In that respect, one of the major features of the industrial revol- 
ution has been the spectacular drop in the energy cost of overland transport. 
Compatibility of place has been achieved in various ways in the course of 
history: the development of large-scale transport systems, for instance for 
the transport of wood in the Muslin Mediterranean(2) from Western Europe to 
the Middle East between the seventh and tenth centuries, and for the transport 
of petrol from the Middle East to Western Europe in the twentieth century. 


- Time constraints: Continuous food supplies must be ensured though har- 
vests are concentrated in short periods during the year; there is an increased 
demand for fuel during the winter in cold countries, etc. Providing for this 
compatibility means deploying storage and distribution systems which use up 
energy: generally, this time constraint calls for extra storage and distri- 
bution to meet peak demand or certain (e.g. climatic) hazards. This factor 


must obviously be borne in mind when computing the overall efficiency of 
energy chains, 


Most discussions of the role of energy in our society reflect partial 
points of view. A more general approach must be based on the idea of energy 
Systems, which also includes the social structures needed for the exploitation 
and control of energy sources and converters: that approach helps to account 


for the development of, and changes and substitutions in, the various energy 
chains recorded in history. 


a OAT. by 
Ghywow. Lacoste et al. 198 « 
: 2, L'énergie c' 2 .. 3 
tricité de France, Paris. eC. est gquoit, Vol. T, pp. 1-70, Elec 


(2). 4:€6.. ; " 
) M. Lombard: "Arsenaux et bois de marine dans la Méditerranée 


Musulmane VII-XIaéme sié : 
> cles’ in Espaces et R6 
Weuted, oes (ia7a} ae a ee Pp seaux du Haut Moyen Age, 
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can es eos Gn dis iaeeos Si ee of Nar fous ener 
countries. But the concept 1 "te i i 
Eneasetth f eae we Seok ran ae wera sts to an industrial complex, to a 
Ps oP Gp we ok constituting systems have moreover 
throughout human history. A case in point is the human energy chain 
albeit the status of human labour in the slave societies of antiquity 
obviously differed from that in West European feudal societies or under modern 
capitalism. If we take other examples, for instance coal, the first fossil 
resource man exploited on a massive scale, or oil, the main contemporary 
source of energy, we know that these substances, too, were known in antiquity: 
Herodotus remarked on the luminous properties of petroleum in Babylon. Coal 
had replaced wood long before the industrial revolution in Britain for certain 
domestic applications. However, the use of coal was not organized seriously 
until the advent of the steam engine and related machinery. 


chains. It 
by country or by group of 


The first elements for defining an energy system are therefore its 
geological, geographical, technical, ... characteristics, namely the location 
of the source the gross energy; systems of collection or extraction; transport 
and storage; converters and final energy. 


Another set of elements for defining energy systems is based on the forms 
of appropriation governing the organization of converters and the modes of 
energy consumption. 


III. LINKS BETWEEN ENERGY AND TYPES OF CIVILIZATION 


Let us return to the case of the human converter. During the third 
millennium BC a profound change occurred in its utilization: if we look at the 
earliest civilizations in Sumer and Egypt, we find that their main source of 
energy was agriculture as it had been in the neolithic societies from which 
these civilizations had sprung. However, these kingdoms not only ushered in a 
host of technical improvements but also harnessed "the power of a new kind of 
organization’, as Lewis Mumford has called it: 


"Men of ordinary capacity, relying on muscle power and traditional skills 
alone, were capable of performing a wide variety of tasks, including 
pottery manufacture and weaving, without any external es ao or 
scientific guidance, beyond that available in the tradition of the local 
community. Not so with the megamachine. Only kings, aided by the 
discipline of astronomical science and supported gmp sanctions of 
religion, had the capability of assembling and directing the megamachine. 
This was an invisible structure composed of living, but rigid, human 
parts, each assigned to his special office, role and task, to make 
possible the immense work-output and grand designs of this great 
collective organization'(1). 


Whatever the subsequent changes it may have experienced, the Egypt rueiet 
Pharaohs remains the prototype of a system in which the ee et eal 
mechanization of human energy were largely impelled and guided 24 ae Lov 
politico-religious authority. As soon as the polarizing ie SheNi APeRCBEESE 
house weakened, the whole machinery collapsed. The eld aecha Tht af sire 
us another example of an energy system with very clearly de cae, penRereea, 
minants. The rise of the water mill during the eleventh to we se witiche 
led in the middle of the thirteenth century, to the saturation 


» New 
(1) L. Mumford: The myth of the machine, pp. 163 and ia ell ina 
York, 1967. 


i= 


xploitation of wind energy helped to extend 

phe to a small extent(1l). In that period, 

' oral were the journeymen and masters’ of energy developments, 
ed letely bound by the constraints of a fuedal society. After an 
poe evades ead that gave a brief chance to independent artisans, the 
eee ead restored and developed on a different basis at the turn of 
pes ee : eesti and in the fourteenth and fifteenth centuries. There 
= Bie seatte industrial complexes that combined - for instance the metal- 
a soe oses - the use of water mills with an increasing consumption of 
a = acne logistic system to facilitate the transport of materials 
ewes carters, etc.). At the same time an urban bourgeoisie developed, 
within atch a veritable aristocracy based on wood came to the fore. The new 
energy system differed little from the previous one on the technical plane, 
but it nevertheless paved the way for a radically different mode of pro- 
duction: the capitalist mode. Here then we have a chain ‘invented' in Greece 
more than 2,000 years ago (or perhaps imported from India by the armies of 
Alexander the Great), a chain that developed to some extent with the Roman 
Empire and then ebbed away only to proliferate centuries later in feudal 
Europe; its late flowering was but a medieval prelude to new developments 


under nascent capitalism. 


available sites, 
the effect of the 


These two examples bear witness to the primacy of the social, or even the 
political sphere in the application and rise and fall of energy systems. A 
deeper analysis would also reveal that the dynamics of energy systems are 
often reflections of the dialectics of socially contradictory systems of 
logic, and of the overt or latent clash of groups, classes, ... anxious to lay 
their hands on the sources and to gain control of the converters. 


i 
(bY! CER, Para tt 
eae ppe: L'énergie au Moyen-Age'’, Thesis, Universi 
Angers, France, duplicated, pp. 1-807 (1981) EE Eat SATS 
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CHAPTER III: ENERGY SOURCES AND RESOURCES 


iE. THE CONCEPTS OF ENERGY SOURCES AND RESOURCES 


A source of energy is one capable of supplying energy. The available 
quantities of energy constitute the resources. The real problem for man is to 
render energy fit for use, and the greater or lesser ease with which it can be 
harnessed may lead to different estimates of the resources. 


Our earth is bathed in enormous quantities of energy, the main source 
being the sun. The sun is in fact a gigantic hydrogen bomb; it is the constant 
scene of the nuclear fusion of light atoms. The sun sends the earth an enor- 
mous 170,000 TW of energy, but the major part of that energy is reflected by 
layers in the atmosphere and radiated back into space before it can be 
absorbed. Only 40,000 TW are available for the evaporation of water (the 
earth's plant cover, free water surfaces, ...), 400 TW for other effects 
(movement of air, waves) and 40 TW for the fixation of energy needed by green 
plants (photosynthesis). The sun is thus the source of wind energy, of the 
energy stored in the (living or fossil) biomass, of wave energy due to differ- 
ences in temperature between the upper and lower layers of the ocean, and of 
hydro-energy. 


The internal heat of the earth, due to the radioactivity of rocks and 
hence of nuclear origin, can surface in volcanic regions (volcanoes, 
geysers, ...) and also manifests itself through a temperature gradient that 
increases with depth. 


The quantities of energy contained in a source of energy do not really 
constitute a resource unless they are readily accessible and can be tapped. 
The most sought-after energy sources are those whose main energy content 
(expressed in unit weight or preferably in volume) is concentrated in large 
quantities in major deposits; cases in point are oil, coal, gas, uranium ore. 


In that case, we speak of concentrated energy as distinct from diffuse energy. 


Even in the case of products with a high energy content, their degree of 
concentration in a given deposit (e.g. coal mixed with a greater or lesser 
amount of sterile material), the more or less favourable situation of the 
deposit determining their accessibility and easy exploitability, have a marked 
effect on the energy cost of their extraction and hence oe profit- 
ability. The latter also depends on the efficiency of technical extraction 
processes and on comparisons of the energy costs of different sources. 


Other energy sources are naturally diffuse, for instance cee 
eo id 2 an 
energy, the solar energy contained in the biomass, wave energy g 


energy (outside places of exceptionally high concentration). The need for con- 


i i i i f exploitation and 
i collection (biomass) is a concomitant 0 
inreteds tte ted from the quantity of 


involves an energy expenditure that must be deduc 
energy obtained. 


The more concentrated an energy resource, the less a eee 
is. In other words, its present formation rate is much pe ra nak atl ee 
tute a significant part of the much too rapidly depleted s ox ARTES 
petroleum are concentrated in precise locations of very = seeue wild cates 
origin built up over millions of years; human AE he A ne 
them to disappear almost completely within two or rigs feegticte arene 
amount of new coal and petroleum formed during that pert 


resources are therefore non-renewable. 


~ p6 = 


d the biomass derived from it, by contrast, are renewable 
he flow of solar energy is continuous. In general, solar 
d immediately as there are few chances of storing it 

i forms of biomass, for instance in wood. We must however be 
GREGRS | aby CON fuse the renewability of an energy-containing product with 
Cs ene = t allows its production: thus the complete: destruction 
thapgost che SySteR ne soil on which it grows would cause the disappearance of 


of t 
. a paraabess e. the timber which is a renewable source by definition. 
the re Pr eCe 


Solar energy an 
resources, because t 
Lesa 
energy must be harnesse 


II. VARIOUS TYPES OF ENERGY SOURCE AND THE CORRESPONDING RESOURCES 


ke Renewable sources 
xRenevapLe oO 


With renewable sources, the resources practically inexhaustible, at least 
on the scale of human history(1), but we can only use the delivered flux and 
then only that part of the flux which we can capture (in the case of the sun) 


or collect (in the case of the biomass). 


The sun with its power of more than 170,000 TW, is by far the most 
important source of energy accessible on earth. Even though a large part of 
that energy is absorbed by the atmosphere or sent back into space, the amount 
retained each day is about 8 kW/m?. That energy can be exploited directly with 
the help of such captors as flat plate collectors or photovoltaic cells which 


convert solar energy into electricity(2). 


Various types of energy derived from the sun represent resources that are 


often more important than direct solar radiation; even if they are diffuse, 
they are often easier to harness. They can be put into two classes: those 
based on climatic 'converters' (hydraulic and wind energy) and those based on 
biological converters (the biomass). 


- Hydraulic energy is derived directly from solar energy. Solar radiation 
leads to the evaporation of the surface layers of the oceans. Water vapour, 
carried up by ascending currents of air forms clouds; subsequently it is pre- 
cipitated back on to the earth in the form of rain. The world potential of 
hydraulic energy amounts to less than three million MW: its use is however 
generally more rewarding than that of wind energy because it is much more con- 
centrated. The United Nations Statistical Yearbook estimated that in 1970 
barely 10 per cent of this potential was being exploited. The countries in 
Africa, Asia and Latin America who made least use of it, accordingly have a 
significant development potential in this field. However, we must not forget 
the environmental problems that might be associated: the disappearance of 
arable valleys, the loss of forests, the loss of population from inundated 
Sites, renewed or increased erosion of the soil up river ... 


oe atmos results from temperature differences in various parts of 

aves xi dee he chief motive force is the temperature difference between 
ee i sg and polar regions. Above the latter, the air cools and 

ae Bei Ashes its weight pulls it to the tropical regions. Here it 
Fada , carried up and then returned towards, and brought down Over, the 

Pp : egions. The rotation of the earth, the irregularities of the terrain 

and the presence of oceans obviously complicate the behaviour of the winds. 


ws sitw eaten 
(1) The sun will continue to shine for seven billion years! 


(2) We must not overl 
ook the 'passive' use of solar ener thank 
enjoy the light and heat of the sun. ci eteg: SPoHa aie” 
e 
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The world potential of wind energ 
ever, its small density and irre 
business. 


y amounts to about 200,000 million kW. H 
9 ° Oow- 
gular behaviour make its exploitation a chancy 


- Wave ener is derived from wind energy, and hence i 
Sy : : ’ ultimately f 
solar energy. But its potential is limited and its Capture raises a seabenas? 
technological and practical problems that make its utilization in the immedi 
ate future highly doubtful. —— 


- The biomass(1) represents a considerable ener i 
gy potential, largel 
exploited by man for his food (endosomatic energy) and heat but also Pe aes 
industrial products as textiles, timber, paper, cellulose for the chemical 
industry ... 


- Tidal energy is a form of gravitational energy, the movement of the 
tides being caused by lunar attraction. The scope of that type of energy is 


limited and exploitable sites are few and far between (the height of the tides 
must exceed 5 metres). Moreover, it is generally believed that its potential 
represents barely 1 per cent of the world hydro-electric potential. 


Harnessed Percentage 
Potential Percentage in §970 of resources 

Region (10 kW) of total (10 kW) harnessed 
North America 313 1. 88 28 
South America Ded 20 13 Z 
Western Europe 158 6 93 Shs) 
Africa 780 27 6 1 
Near East 21 1 Z. 8 
South East Asia 455 16 8 2 
Far East 42 1 ZA 50 
Australia and 
New Zealand 45 2 J 16 
USSR, Eastern : 
Europe and China 466 16 40% 9 

Total 2 O57 100 278 10 


ecb peygses: Se0ns Aomeom te 7polisitosess sh) oe hoa 
* Not including China. 


WORLD POTENTIAL IN HYDRAULIC ENERGY, 1970 (In Stout, 1980). 


° ' 
(1) See glossary for the two distinct usages of the term "biomass . 
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1 ener appears in two forms: one is diffuse, as we go down 

ceo neh rd a constant increase in temperature (1°C on average 
glare eee other is concentrated and associated with pronounced 
ee hot springs, .). In addition, non-volcanic regions have 
ee ee = fy (better than average) sites; renewability some- 


rivi 
Phas alt ee prognostic and technical problems, because the removal of 
times pose 


material must be offset by restoration. 


2 Non-renewable resources 
e SE EE 


This heading covers not only coal, oil, natural gas but also fissile 


nuclear fuels. The table below is based on estimates of the present-day state 


of non-renewable energy reserves. 


Ne nn nn ee ener eee een ee 


Fossil fuels 


Uranium 
Bituminous (without 
Solid Natural schists super- 
Region fuels Crude oil gas and sands regeneration) Total 
Africa 382 556 213 86 209 1,446 
Asia (not 
including USSR) 2,750 2,330 456 918 3 6,457 
Europe (not 
including USSR) 2,720 60 162 zs 49 3,114 
USSR 3;510 352 610 147 not known >4,619 
North America 53350 318 402 9,610% 446 16,126 
South America 33 329 64 25 13 484 
Oceania 485 10 26 10 105 636 
Total 15,5250 3,955 1,933 10,919 >825 >32,882 


SY. ictney thes sight oe enecciat@h the diseppeameamataee 


* s 
alae to the U.S. Bureau of Mines, the North American reserves in 
ituminous schists and sands are likely to have been greatly over- 


wen mahed At present, the exploitation of most of these reserves does 
pay. 


KNOWN WORLD RESERVES OF NON-RENEWABLE ENERGY 


18 
Unit: 10°" joules (In Stout, 1980) 
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The following table records world energy consumption, by source: 


SE EE REMUNR EDR 07. 915207 aol yee Cyn IC) 2owaviswTe; 96 


Source of energy 1960 1965 1970 1972 1980 1985 1990 
a 
Coal 65 66 Tl 70 84 90 97 
Oil 48 68 102 £A3 140 rss 174 
Natural gas 19 28 43 48 60 71 81 
Hydraulic and 
geothermic 7 10 12 14 16 18 20 
Nuclear <I <1 1 13 36 67 
Total F9 173 229 246 313 370 439 


ENERGY CONSUMPTION BY SOURCE, 1960-1990 


Unit: yr8 joules (In Stout, 1980) 


This table shows clearly that the proportion of renewable (hydraulic and geo- 
thermal) energy sources is relatively small (of the order of 5 per cent at 
most). 


The world distribution of oil and coal reserves is shown on the maps over- 
leaf. The table below gives the consumption by region in absolute values: 


BRbTECtG@G trom Che s50008POCTE : eS SS eT 


Region 1960 1965 1970 1972 1980 1985 1990 
peder OF 2.100Q0 10 BSITSis or x) a eS 
United States 47 56 Til 76 91 109 129 
Western Europe 28 36 49 52 66 79 92 
Japan 4 7 13 14 22 28 36 
USSR, Eastern 
Europe and China 41 48 61 67 86 99 115 
4 
Rest of the world 19 25 35 38 48 55 6 
Total 139 172 229 247 313 370 436 


penne eeetag the 58S 


WORLD ENERGY CONSUMPTION, BY REGION, 1960-1990 


Unit: role joules (In Stout, 1980) 


~?@4= 


WORLD DISTRIBUTION OF OIL AND COAL RESERVES (In Stout, 1980). - 

The percentages for every region refer to the known and exploitable world 
reserves. The maps show what the world would look like if the size of each 
country were proportional to its reserves. 


Wester Europe =, U.S-$-R_, China 15% 
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Indonesek 2% 


Mexico, @ribbeaty 
and other $ AmeriGal 3% 
count res 


COAL RESERVES 
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Geologists h 
a aot ee eet me determining exploitation cycles of 
ee : matica we can i 2 
cycle of Y> put it that the ex : 
oe i dase Hesounce starts from zero, grows to a maximum ee 
: e exploitation cycle has the shape of a probability curve eee 


such curves drawn to date it i ' 
it is possibl 
of the cycle. P e to extrapolate the curve for the rest 


The figures below represent oil , ; 
exploitat A 
hypotheses set out in the legends. : i pn gga aia aman aaai aati 


see gp Ps 
wm 
Cin bof barrels per ¥ - Predictions of the total oil 
reserves (Q) that can be 
| extracted from continental and 
| oe pane apie deposits in the 
- oa st er SEES, nited States. The estimate 
Conswmpa “New! : of Ganj, 400% 10 Q = 400 x 10° barrels includes 
1974: ~ the Alaskan deposits, the con- 
; 5 tinental shelf deposits and 
: the deep off-shore deposits 
(down to a depth of 2,500 m) 
: which cannot yet be exploited 
Hubbert with current techniques (after 


2 = = 
fe fer 20 vO: Berg et al., Science, 184, 
3 =, ses 1974, p. 322). 
100 x 10° iz ie ape: | 
barrels "| 69x 10° barrels... 


oO : 
1900 1920 1940 1960 1980 2000 2020 2040 2060 #2080 


- Estimate of oil that can be 
extracted from the lithosphere. 
The most favourable estimate, 
that by Ryman (Curve, A) is of the 
order of, 2,100 x 10° barrels or x 
330 x 10°t; that by Hubbert 
(Curve B) gs more pessimistic: 
1,350 xeZo barrels or 20 
215 x 10°t. Note the short useful 
life of this source of energy on 
the assumption that the current " 
rate of extraction will be main- 
tained: 64 years in the more fr 
favourable case, production 1900 1925 
reaching a peak at the end of the 1991 
century, and then declining. 

Although these predictions were 

made in the late 1960s, the data 

gathered during the last two 

decades have largely confirmed 

their validity (after Hubbert in 

Resources and Men, 1969, 

Ac. Sci. U.S., Freeman (ed.),; 

p. 196) 


year) 


a 


Producbior 
6107 barrels & 


OIL PRODUCTION IN THE UNITED STATES AND THE WORLD 
From F. Ramade (1981) 


a 


The following points should be borne in mind in connection with these 


curves: 
- As far as oil is concerned, first of all, the discovery of supplemen- 


tary reserves (hypothesis B) representing 50 per cent of the estimate corres- 
ponding to hypothesis A merely extends the useful era of the exploitation of 
liquid hydrocarbon 
- As far as coal is concerned, its useful era of exploitation seems to be 
much more promising; coal might well meet mankind's needs for another five 
centuries. The size of the reserves will certainly mean increased reliance on 
that resource, despite the problems of exploitation, transportation and 


s by six years(l). 


utilization. 


- As far as the reserves of nuclear fuels are concerned, the scarcity of 
uranium imposes the use of other technologies, such as fast breeders or 
nuclear fusion. If this switch is not made in the near future, there is a risk 


that mankind will run out of cheap minerals. 


These brief indications show the need for gre 
sources of energy and above all for the vabicialtcectce Gee cae cE yeh 
renewable resources. The problem is that the total reorganization of ee 
systems of production and consumption dictated by that need cannot sg ee 
overnight. Moreover, it calls for considerable investments Bétoivich aves 


expenditures of energy in turn. 


a MO es 


CHAPTER IV: USE AND MANAGEMENT OF ENERGY RESOURCES 


Introduction 


The manufacture of various objects and goods involves the elaboration of 
materials and energy by human labour; these three elements - material 
and human labour - are as indispensable for highly mechanized manufa 
processes as they are in the rendering of services (e.g. travel). 


» energy 
cturing 


Many examples show convincingly that classic economic analyses based on 
such concepts as monetary costs, supply and demand, interest, ... do not fully 
account for the way in which resources are managed and ultimately do not help 
the rational management of these resources. For a more detailed discussion of 
the whole topic, the reader might care to look at the remarkable contributions 
of such nonconformists as René Passet and especially of Georgescu-Roegen 
(Demain la décroissance). Their critical approach to economics rests, quite 
apart from theoretical considerations, on a system of material and energy bal- 
ances. The establishment of energy balances for various systems (e.g. agri- 
cultural systems; methods of manufacturing a product, or energy in the form of 
a given vector) proves to be a valuable tool in the description of economic 
phenomena and hence in arriving at ideas about the control of present and 
future resources. 


¥; DRAWING UP ENERGY BALANCES: ECO-ENERGY ANALYSIS 
Energy-balancing is based: 


on the one hand on such quantitative expressions (rather than costs) as 
are used for instance to determine the energy consumption of a country by 
different sectors of activity; 


on the other hand, on more precise studies, originally based on energy 
analyses but more recently on so-called eco-energy analyses. 


£. Energy analysis 


Despite generally wasteful attitudes by society at large or by certain 
circles, the various consumers of energy are not blind to the possibilities of 
making economies if only because of the financial benefits they bring. That is 
why the analysis of energy consumption has been practised for quite some time, 
essentially in industry and above all in sectors with a large EnSEEy Consenpr 
tion (metal extraction, chemical industry ...). Most often their computation 
of energy costs has been based exclusively on attempts to determine a ee 
retical efficiency limit in accordance with the laws of appari mas 
Appendix I). This practice is still common but attempts have been ss 8 
render it more precise. In fact, to obtain a piece of inomel tntiguner pete ‘ 
melt the mineral; a whole chain of operations must come first: ict t pais 
crushing the ore, transport, ... so many operations racine 2 the re 
materials and machinery~ (bulldozers, trucks, 28 .)nowhich: wot ron hfe sak 
energy in the present but also took up a great deal of pee ae ee 
machinery was being constructed. Strictly speaking, part © ee tece of iron 
build factories must also be included in the energy cost of <a St toring 
ultimately obtained. To the so-called direct energy used fi : oanReraLE eech= 
process, an indirect amount of energy must idle aggre ztezuiniig: the 
niques facilitate the computation of the magnitudes ee eatai sarnaaducts 
energy cost (or specific energy demand) of every type of ma 
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Energy analysis helps, inter alia, to establish: 
ne 


tion in relation to the 
ici of a process OF of a reac 
2 ee ce ie limit. The answer can be expressed as a fraction of 
theoretica 
1 or as a percentage. 
it 4 i he manufacturing history 
r it is possible to retrace t 

— icici product, the improvement in manufacturing techniques 

ig ome P cad to go hand in hand with a decrease in energy costs. 


os Cg ae carom in the manufacture of most industrial products (steel, 
xample n 
cement, artificial fertilizers). 


(3) That biotechnological procedures at (relatively low) temperatures 
ompatible with the maintenance of life (e.g. fermentation) and based on the 
pee of enzymes are preferable to reactions needing high temperatures. 


(4) That the production of energy in a given form and hence constituting 
a particular vector (e.g. electricity) has a specific energy cost. Thus elec- 
tricity produced from fuel oil in a power station does not represent more than 
about a third (secondary energy) of the energy content of the fuel oil (pri- 


mary energy). 


All the procedures used in the manufacture of a given product for a given 
purpose should be taken into account. For example, electric trains are more 


efficient than diesel trains: 


with electricity, the efficiency of the motor is of the order of 0.9, so 
that it is possible to recover 9/10ths of the third of the energy con- 
tained in the fuel oil, or about 30 per cent; 


the efficiency of the diesel engine is very low, and does not allow the 

utilization of more than about 15 per cent of the energy of the fuel oil. 
The problem becomes more complicated if the train is heated: for heating, 
electricity has an efficiency of just 30 per cent, while that of the fuel 
oil is 100 per cent ... 


re Eco-energy analysis 


This method of energy balancing (or rather of energy budgeting) rests, in 
addition to energy analysis, on the description of Systems with the aid of 
energy flow charts currently used in ecology (whence the term "eco-energy'). 
In fact, ever since Lindemann presented the first energy flow model in 1942, 
this concept has been chiefly applied to such natural systems as have been 
left relatively unchanged by human intervention. This, for instance, was the 
approach used in the first monographs on ecosystems underlying the didactic 
Presentation of ecology (Teal, 1957=1962:) Odum j-1957 nnxt see! alno the various 
ecology handbooks, especially Dajoz, Précis d'Ecologie, Dunod and Duvigneaud, 


La _synthése écologique, Doin). 


It was not until 1971-1973 that energy flow charts were first drawn up to 


Ree man-controlled systems, for energy contributions other than solar 


eee 
(1) W. Kemp, 1971, 'The f] i 
’ ’ ow of ener h i i ’ i 
American, Pale pia 105-115: Sy in a hunting society", in Scientific 


R. Rapaport, 1971, 'The flow 
; ee oe > of ener in an agricult 1 : 
Scientific American 224, 35 ppi 117-1323 ce me 


E. : 
eee 7 Carvalho and J. Vieira Da Silva, 1973 - 'The Cunene Region: 
Bical Analysis of an African, agropastoral system’, in F. Heimer 


(ed.) Social Change in Angola, Weltform Verlag, Munich, pp. 145-192. 
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The most famous stud 
y, which did most to hel 
analysi elp the spread of thi 
pee hears of D. Pimental ec al. (1973) (1) si eee —_ ae 
By expen iture on maize cultivation in the United States overall 


The following discussion of some 
of the most important studi i 
the reader some of the difficulties involved. The Soe aie Geen ae cid dee 
cussion for teaching purposes will be examined later (see Appendix IT) _o 


IIT. CASE-STUDIES IN ECO-ENERGY ANALYSIS 


1, Crops 


As an example we shall now look at the work of D. Pimentel et al. (1973) 
on maize cultivation in the United States. That study is based on agricultural 
statistics for the whole of the United States; the results are given at inter- 
vals of five years, from 1945 to 1970. 


Table 1 examines the first and last year covered by the study. It lists 
the various types of energy expended on the cultivation of one acre of maize: 


in the form of human labour which is derived from the potential chemical 
energy of food, the authors assigning it a value of about 550 kcal per 
hour of work, which represents the total energy expenditure (including 
the energy expenditure of the human organism which would occur even in 
tne absence of work); 


in the form of machines and engines whose energy is necessarily ‘con- 
tained’ in the material of which they are made. The authors have used the 
figures published by Berry and Fels who have worked out that it takes 
31.968 x 10. kcal to build an automobile weighing 3,440 lbs. (ca. 1.36 
metric tons). That value was applied to the total weight of the material 
used, 6 per cent was then added for maintenance and the sum divided by 
the number of years it takes to amortize the car (ten ‘years). By con- 
sidering the quantity of fuel used and the energy value per unit, one can 
easily compute the energy needed; 


for drying machines, electric equipment, transport (of machinery and 
materials to the fields and of maize to its destination). This energy has 
been computed solely in respect of direct consumption; 


for irrigation. The figures quoted do not give the energy expended on 
irrigating one unit of surface area put an average figure for the United 
States, established on the basis of the percentage area covered by irri- 
gated maize crops (ca. 3.8 per cent) ; 


in the form of fertilizers and other products, their share in the total 
energy cost (energy expenditure per unit weight) being computed with the 
help of coefficients obtained by energy analysis. The enormous expendi- 
ture on nitrogen is explained on the one hand by the fact that the quan- 
tities used per unit surface have increased enormously from 1945 to 1970 
while, on the other hand, the unit energy cost remains high; the manu- 
facture of nitrates involves electro-chemical processes that swallow a 
energy, whereas phosphate or potassium fertilizers are obtained by norma 
mining methods; 

(1) D. Pimentel et al., 1973, "Food production and energy analysis’, in 

Science, 182, pp. 443-449. 


1945 
a cera eager pooereqews ome) ee lume 
12.5 4.9 


Human labour 


420 
Machines ala 

Fuel 534.4 797 
Drying 10 can 
Electricity KW 310 
Transport 20 70 
Irrigation 19 34 
Fertilizers 

- nitrogen 58.8 940.8 
- phosphorus 10.6 ae «4 
- potassium = Br 68 
Insecticides and herbicides 0 “a J 
Seed 34 63 
Total inputs (I) 925.5 2,896.8 
Harvest (0) 3,427.2 8,146.8 
Ratio O/I 3.7 2.82 


E 
NERGY BALANCE FOR MAIZE CULTIVATION IN THE UNITED STATES (after D. Pimentel 


cf als, “1973)-s “thé” Valuew nde ows 
? : given in tho d i 
Cultivated acre (1 acre = approx. 0.4 ha). ae ee ea 
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the calorie content of the 
seed 
per lb. or 3,979 kcal per kg. and the crop has been put at 1,800 kcal 


The study shows that between 1 i 
in the yield per acre from 34 to aMethapaet pera ea eng eye a oy Pheer: 
36.4 1), the yield from the investment of energy in maize Sse ieee i 
dropping, because the 0/I ratio giving the energy efficiency of the s ey rite 
dropped from 3.7 to 2.82. One could also put it by saying that occas a 
1/3.7 = 0.27 kcal of energy to obtain one kilocalorie of maize in 1945 _ 
Gant Wie ee 0.95 keel in 1970, J.B. Mercier(1) has called that ausntic 
(which is the inverse of the 0O/I (output/input) ratio) B.U.E.R. ne oe 
taire en énergie rare = unit need for rare energy). 


It should be pointed out that not all the kilocalories mentioned here are 
of the same kind: 


the kilocalories corresponding to the potential chemical energy of maize 
are 'food calories'; 


food is the basis of the kilocalories supplied to the system in the form 
of human labour; 


the rest comes from classic energy sources, essentially made up of fossil 
fuels. 


Since the publication of the early results, similar computations have 
been made for various other crops, all based on the same principles (see table 
below). 


a 


Protein 
Energy (kg of protein 
Yield Straw (10?kcal/ha per kg 
Crop (kg/ha) (kg/ha) produce) of produce) 
‘gentema (unit: 10 kcal). It seemed ‘tustified to extend thé use of Jee 
Soft wheat 3,000 3,000 4 O.g115 
- Dry barley 2,000 2,000 4 0.068 
Dry oats 1,500 1,500 4 0.068 
Peas (irrigated) 
(early) 6,500 = 0.63 0.058 
(main crop) 11,000 - 6.63 0.058 
Potatoes (irrigated) 
(early) 12,000 - 0.76 0.021 
(main crop) 19,000 - 0.76 0.021 
(late) 13,000 - 0.76 0.021 
Lettuce (main crop) 
(irrigated) 8,000 - 6 Jeg ik = 
Maize (irrigated) 4,000 4,000 4 0.095 


ENERGY COST OF SOME INTENSIVELY GROWN CROPS IN FRANCE 
(in J.R. Mercier, 1978) 


(1) J.R. Mercier, 1978, Energie et agriculture, Debard, Paris. 
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- analyses covering agricultural 
have presented eco-energy 
—— peace Derhaiteed countries. The reader might like to consult 
Saar e a inter alia, examines the use of energy for crop-growing 
ete CEG) ¥ 83 gives a host of analytical results for various 


‘ i and . . 
in developing countries ged in itinerant or subsistence farming, relying 


‘ ivilizations enga 
Jeep oer labour and possibly on animal traction and also on some 
exclusive 


degree of mechanization. 


2. Farming 


Farms and smallholdings (including co-operatives) can: 


either engage in monoculture in which case the preparation of an energy 
balance is as described above; 


or else they can use a more complex system of stock breeding and milk 
production (which involves the feeding of animals, pastureland or the 
growing of fodder), or mixed systems with several crops and a section 
devoted to stock breeding; in that case, eco-energy analysis must allow 
for as many headings as there are types of production, though it is still 
possible to determine the overall efficiency of the system by calculating 
the 0/I ratio or its inverse. 


Leach (1976) has published a table giving the results for different types 
of farming in the United Kingdom in 1970-1971, and J.R. Mercier in his Energie 


et agriculture (1978) quotes a good many of these results adding some of his 
own and tries to establish by comparisons that farms of a biological type are 


the most energy-efficient. 


As an example, we shall now look briefly at a very detailed study by 
P. Duvigneaud et al. (1980) of farming in the Ardennes (Belgium), showing how 
energy balances can be drawn up at farm level (cf. Appendix II). We shall also 
be looking at a comparative study of two types of goat-rearing farms (in 
Corsica). 


(a) A farm in the Ardennes 


The 27.27 ha farm is organized for the production of beef and milk; it 


keeps an average of 58 animals (27.6 tons of biomass live weight), or about 
two animals per hectare. 


The cattle feed consists almost exclusively of the harvest from 14 ha of 
permanent grassland and of 13 ha under cultivation (grass, oats, DEEIGYs, «14 ). 


The permanent grassland is used 210 days a year and provides 91.980 kg of 
grass (dry weight), a figure computed as follows: 


fresh grass: 22 per cent dry matter; 


each cow or heifer in calf needs 55 ke FM/da rl1l2k 
DM = 
matter; DM = dry matter); inal’ ¢ DM/day (FM = "fresh 


each bullock or cow not in calf needs 40 kg (FM/day or 9 kg DM/day; 


each calf (not o 


oR 
6 kg DM/day. ut to grass for more than 60 days) needs 30 kg FM/day or 
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Thus 23 cows or heifers in calf 
21 calves take out approximately 92 t 
657 kg DM/ha/per annum. On the hay me 
consumption in the farmyard. Cereal 
and 12 t DM of straw. 


14 bullocks or heifers not in calf and 
ons DM from the 14 ha of grassland, or 
adow (7.8 ha), 54 t DM of hay are cut for 
crops (5.2 ha) provide 20 t DM of grain 


The total plant matter consumed b 
y the cattle or 179 t DM 
represents at the,rate of 4 kcal/g 716 x ee This energy ee ee 
to that 41.2 x 10 kcal of animal produce, mostly for export cateaee* 


Returned to the fields are, on the one hand, the non-consumed parts of 
the crops, and on the other hand the excreta of the animals. These are re- 
leased on to the pasture directly or, mixed with straw, as manure 


This agro-ecosystem relies on the amount of,solar energy available on the 
farm in the course of the year, pr 216,000 x 10 kcal, of which a very small 
part, of the order of 1,650 x 10 kcal gogs into primary production to end u 
as usable animal,produce of about 40 x 10 kcal. The respiration of the ae 
uses up 300 x 10 kcal! 


To operate that system man must inject fossil energy in direct or in- 
direct form: 30 million kcal for tractor fuel; 48.2 million kcal for ferti- 
lizers; 2 million kcal for electricity and 45 million kcal for his own 
firewood. 


(b) Comparison of two goat-rearing farms in Corsica (J.P. Deleage, 
N. Sauget-Naudin and C. Souchon, 1979) 


One of these two stock farms was of the traditional type based almost 
exclusively on the exploitation of scrubland, the other had been modernized to 
grow lucerne on irrigated fields. 


The table aljows us to compare the main characteristics of these two 
systems (unit: 10 kcal). It seemed justified to extend the use of these 
figures to the whole of the valley since, though the modern stock-rearing farm 
was unique, the results of the traditional stock farm were typical of any of 
the 15 farms of the same type in the region. The resulting figures were com- 
pleted by taking into account free-grazing herds (cattle and pigs) and by a 
study of the winegrower's co-operative. 


3. Rural systems at regional level 


Several regional studies have been published, especially for African 
contries(1). 


(a) Monograph on the structure and function of systems. The case of 


Chingo (Angola) and of Thysse-Kaymor (Senegal) 


ssible to show what factors determine 
the operation of these two ecosystems. It considers the prevailing Pe 
ships between the human community and the environment and also within eo 
community, both in respect of the appropriation of resources and energy Ilow 
and also in respect of resource and energy management. 


Eco-energy analysis has made it po 


(1) Cahiers du Germes, No. 3, 1980, Matiére et éner ie dans les écosystemes 


et les systémes socio-économiques, pPp- 1-542, Paris. 
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_hon Bigs yb Suu sss) SO Se ee a ciaceenteo Te 
2 


Farm No. 1 Farm No. 
Se Headings Traditional Modern 
phases ; 
——— ee 
Investments 


(Mechanical + fertilizer) at 109.5 
ee ere ne eee renee nnn nnn cn ncn ccm nme nance nnn nnn eee ene 


Renewable En. 


Energy (including seed) 64 21.7 
inputs 
Direct fossil En. 16.7 299.1 
Total inputs 108.3 430.3 
ee ee ee ee 
Pa i EG S tei tated terete ett aR tn Alltel ates 
Scrub grazing 1069 525 


—_—_——— SO eee S:,— ee 


Plant production for 
Primary the use of animals 90 836 


production 
ee 


Plant production for 
human consumption 10 1.5 


Secondary Lt £9 
production 


Output /Input ratio 0x72 0.20 
Efficiency of human labour 23.8 22 32 
Self-consumption 67% 40% 


Total produce for human 
consumption 77.4 87.7 


COMPARISON OF Two STOCK-REARING UNITS IN CORSICA 


(Unit: 10° keal) 
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In the case of the Chin 
the level of the human com 
ties can introduce into the 


oO 

i nem (Angola), the energy balance drawn at 
y re ects the regulations that human activi- 

operation of a natural ecosystem. 


The transfer of energy and of biomass 
demonstrates the existence of a large numbe 


the diversity of this traditional System. Its density also reflects the 1 
number of trophic levels and their interrelationships, the consid Wher 
accumulation of structures and functions or, in other ae the a : 
storage in that ecosystem of energy utilized in the form othe sore pv 


in the Chingo ecosystem clearly 
r of ecological niches and hence 


In the Thysse-Kaymor ecosystem (Senegal) by contr i 
diversity, due essentially to imported Re ete cie ne ae Mane psi 9 ee 
duction for export has led to simplification and a tendency to pea tie ce - 
ment. Here the great efficiency of human labour (unit energy produced by oe 
of labour energy = 41.5) is greatly reduced since, if all the energy needed 
for this type of agricultural production is taken into account, the ratio 
drops to 4.0. 


(b) Comparison of two different farming systems in the same environment. 
The case of Cunene (Angola) 


The systematic comparison of a traditional ecosystem with a modern eco- 
system in Cunene has shown that, from the ecological and even from the human 
point of view, the traditional system is the more highly developed. It is in 
fact capable of maintaining diversity and a considerable energy flow while 
relaying an important part of that flow through the human biomass: 


- traditional pastoral system: 15.4 (units of energy produced per unit of 
- ranching system : 7.4 human biomass) 


The modern system is heavily loaded with inputs due to modern technol- 
ogies. Similar comparisons have been made for different environments, and it 
was found that agricultural ecosystems have widely different efficiencies in 
terms of human labour, ranging from 17.6 to 41.5 units of energy produced per 
unit of labour. 


(c) Establishment of projective models (simple simulation) based on eco- 


energy analysis. Examples: the M'Pourie plain (Mauritania) and the 
Fissel region (Senegal) 


The most recent studies, still based on the eco-energy analysis of agri- 
cultural systems, have shown that it is possible to predict an increase in) ‘the 
available per capita energy from developments relying exclusively on local 
resources. In his study of the M'Pourie plain, which has a semi-arid climate 
with a rainy season from June to October and a dry and cold season from 
November to March, and a graminaceous vegetation consisting of Cenchrus 
biflorus together with some cyperaceous and leguminous plants, the author 
evaluates a short-term ecological plan based on better use of local) resources 
(draught animals, natural fertilizers, etc.), of the human potential and, 
finally, on an extension of the arable area. 

With this improved management of the ecosystem, the energy efficiency of 
human labour increases from 44 to 60, and the energy flow through the popu- 
lation increases from 47 to 64 kcal/unit of human biomass. As a result, kts 
population becomes self-sufficient in sorgho and meat. The demand = sale 
fodder can be satisfied as well. The efficiency of the total energy inves 


is more than doubled, rising from 1.20 to 2.70. 
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i i Senegal), situated 

ie i in a study of the Fissel region ( 
iano: ee used the energy flow of the ecological system to 
CE gga halal hacad on local resources alone can help to treble the 


tegy b 
show that a stra mares . 
energy contribution of each individual 


-ener analysis of the present operation of the 
sim wise nia ns eae cultivation) are summarized in an 
ae cE rt acu off inputs against outputs. From that chart, and on 
ei aie ger ious hypotheses (use of fertilizers, introduction of millet, 
oe ), it is possible to draw up a quantified medium-term 


i lbida ‘ 
ee aoa ee plan based on the various options. With the strategy 
pic 


proposed by the author, it should be possible to: 
increase the efficiency of human labour from 19.9 to 24.7; 


nearly treble the import capacity; 


release produce for export (groundnuts but also animal products). 


4. Agricultural systems in various countries 


Eco-energy analyses of systems are available for various, mainly indus- 
trialized, countries, with an appropriate statistical apparatus. Such studies 
have been made notably in France (R. Carillon at CNEEMA, J.P. Deleage and 
C. Souchon of the EDEN group), in the United Kingdom (G. Leach) and in Israel 


(Stanhill). 


oe Cities and ecosystems 
(a) The city as an ecosystem 


Most ecological studies of the urban phenomenon have borne essentially on 
changes in the natural environment caused by the development of towns and on 
the consequences of great concentrations on the physical and mental health of 
human populations. In that type of analysis, the emphasis is placed mainly on 
what might be called the urban crisis: 

increasing traffic problems; 

Systematic and massive week-end flights from the towns; 

delinquency, criminality, drugs; 

laborious commercial channels; 

refusal by people to live in tower blocks or high-rise flats; 

total loss of conviviality; 

increasingly insoluble problems of waste disposal and energy supplies; 


increasingly unmanageable public services; 


reluctance by rural or provincial youth, formerly fascinated by the 


attractions of the provincial or national capital, to leave their places 
of Orlgin; 


oe 


such ‘urban diseases! : 
as obesit i ‘ : 
to pollution, .:, y» insomnia, stress, rhinopharyngitis due 


Here we shall be using a different a 


ecosystem and, in particular, Pproach and analyse the city as an 


examine the energy flow through it. 


Now, a city can be considered an ecosystem just as a forest it’ 4 
functional system with biocoenoses (mainly human populations se Se - is a 
mal and plant populations), a particular climatic environment ea uced ani- 
(flow of energy and matter, a hydraulic cyele’ete's.'.) Aa aed 


However, there are important differences between urban and natural eco- 
systems; iInwa,,.city..there is no, or very little, primary production; when it 
does occur it is relatively insignificant compared with non bioloeieall (but 
cultural) processes employed with a rapidity that sets them off clearly from 
natural ones. As a result, it is difficult to apply some ecological concepts 
or laws to urban ecosystems, while others demand a complete redefinition. If 
that is done, it becomes possible to show how an urban ecosystem functions and 
to give a better account of the relationship between cities and the regions in 
which they are located. 


(b) Energy in cities 


To be at all useful, energy balances must necessarily be drawn up in 
accordance with the principle of the conservation of energy (first law of 
thermsdynamics). To that end, all we need do is to determine the sources of 
energy and the stages of its transformation and exploitation. In other words, 
we must analyse the energy flow. We know that it is a flow, on the one hand 
because the urban ecosystem is an open system (in the physical sense) so that 
it is possible to consider energy inputs and outputs; on the other hand, 
because it is governed by the second law of thermodynamics: no energy can be 
transformed without degradation, i.e. without a change from a concentrated 
into a dispersed form. 


All studies of urban ecosystems must pay particular attention to the dis- 
tinction between gross, net and primary energy: 


Gross energy is the total amount of energy present at any stage of the 
energy transformation chain. 


Net energy is equal to gross energy minus the energy needed to maintain 
(renew) the gross energy and to utilize it (extraction or removal, transport, 
assimilation, ...). It is a real quantity which can be transformed and used 


for specific ends. 


Primary energy is the gross energy available after the transformation of 
solar energy by plants - the first links in the transformation chain of 


natural ecosystems. 


The respective orders of magnitude of gross and net energy can nips 
considerably and depend on the organization of each system; in a ge ied 
difference can serve as a measure of the efficiency with which towns husban 


energy. 


the net energy available 
relationship with other 
the net energy is 


For the individual consumer all that matters is 
to him. However, for the study of a system and its 
systems, we must know from what type of gross energy 


derived. 


ee 


osystems the nature of the energy supply, mainly 


se of urban ec isda 
sar oe tes matters, because depending on the point at ree the 
ic ee sae can be treated either as a source of gross or else as a 
is introduced, 


source of net energy- 


(c) A case-study: the city of Paris 


i i ite-of:ac.fuld. 
shall now examine(l1) the essential resu 
mea Se sustaining the metabolism of the city of Paris. That 


ee aed into a natural energy flow and a subsidiary, imported, 
en 


energy flow. 


a are a aaa a Ta aa aaa aaa ARN a a aI a 


3 
Natural energy TO,a77 x 10°70 


3 
Alimentary energy (primary energy) 64 x 10°TJ 
Energy of 'fuels' (primary energy) 589 x 10°TJ 


ENERGY FLOW IN THE PARIS ECOSYSTEM (after B. Dambrin, 1982) 


Over and above a significant amount of natural energy, the urban eco- 
system is a consumer of energy in the form of foods and fuels; this imported 
energy represents about 6 per cent of the natural energy, petroleum products 
(58.8 per cent) taking pride of place over gas (19.8 per cent). 


Another characteristic of the urban ecosystem: very little natural energy 
goes into the water cycle or into the production of organic matter (3.6.TJ/ha 
and 0.05 TJ/ha respectively) as compared with 15 to 20 TJ/ha and about 
0.2 TJ/ha in natural ecosystems in the environs of Paris; by contrast, the 
transfer of heat by convection is much more intense: 15.1 TJ/ha as against 
just a few TJ/ha in the countryside round Paris. That characteristic gives man 
enough elbow room to run an urban ecosystem, 


(d) Energy dependence 


It has been shown that the urban ecosystem is wholly dependent on the 
outside world for all its supplies: food, energy, materials, Space. It is 
equally dependent on the outside for the removal of some of its products and 
especially of its waste. In that respect, it is a typical consumer system. 
Like the trophic system of classic ecology, the urban ecosystem behaves as a 
secondary producer, with all the problems this state of affairs entails for 
the student. From a functional point of view, two links of the chain, namely 


' - 
primary producer’ and 'decomposer', remain indispensable, but have moved out- 
side the system. 


On the energy plane, the dependent character of the urban ecosystem is 
rer lceted with particular Sharpness in the fact that it needs a fuel 'sub- 
sidy ‘ More precisely, in the case of Paris, 79 per cent of the energy supply 
is obtained from resources that cannot be renewed in the short run; we are 
ele a Ses therefore, Lf this quantitative and qualitative organization 
bg oe compatible with the maintenance of the city as an ecosystem, and 
= fortiori with its extension or the creation of new urban centres. 


S205 Be ws t9y oe 
1 * 
(1) soca ile gi have been made especially of Brussels and Charleroi 
: ean and of Hong Kong. The Paris ecosystem has been studied by 
; wembrin, 1982, Thesis, University of Paris VII. 
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6. Production methods 

The use of eco-energy analysis of production methods is indicated in many 

cases, especially when it comes to particular crops. Thus the energy costs of 
f ethanol and methanol from renewable resources' 


the ‘comparative production o 
and the reader will find the details in La valorisation de 


have been computed 
la Biomasse, 1981(1). 


Another example, that of bread in the United Kingdom (illustrated below) 


shows the distribution of the energy needed to produce thi 
s type of f 
together with the energy cost: 1 kg of bread ultimately pleke” dekete nena 


of ofb(2). 
Similar results are also available for the production of milk and allied 


products. 


me 


Sethi | | an 

" \4 rec 
apr eiae a gc ee 
drying ard milling \( AacRing and transport 


. Others 


' 
Milling of ! 
flour ee 


12.3% | 64.3% 


Grain cultivation 


19.4% 


Sales 


3.4% 


l Pe: ° Delea (= senate 
& 5 ele a 


Biomasse: 6 
; @tude d 
Q\ tee Reach 7 cas de la France, E.D.F. Paris 
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By Conclusion 


On the basis of these con 
crete exam : 
can be formulated as follows: ples, the aims of eco-energy analysis 


determini i i 1 n tem an. ‘vari co- 
, ing the OPeseelon of characteristic huma sys s i arious eco 
regions, and of various ways of life and economic practices; 

) 


comparing various types of agriculture in regions with diversified 


methods of exploitation (e.g. b : 
-g. by their level ‘ ; 
co-operation) ; el of exploitation or 


specifying the role and efficiency of energy investments in different 
systems of production; : 


assessing the efficiency of human labour and its contribution to develop- 
ment, i.e. deciding whether the energy is being applied not only to best 
productive effect, but also to improve the quality of life; 


establishing the share of the exploitation of natural resources in the 
production of food and in the direct or indirect elaboration of other 
consumer goods; assessing the role of social and cultural practices and 
of various methods of control on the flow and utilization of energy; 


using established simulation models to make predictions on the basis of 
hypotheses to be framed, always starting from concrete initial data. 


III. ENERGY AND DEVELOPMENT 


There is no doubt that the nature and the intensity of the exploitation 
of energy largely determine the kind of society we Live in. This. is true of 
all past societies as well. At the end of the eighteenth century, when James 
Watt's steam engine began to play an important role in industry in the United 
Kingdom, Europe was irrevocably drawn into the industrial revolution. The 
large-scale exploitation of coal was one of the main bases of British and 
European economic predominance in the nineteenth century. Petrol and the 
internal combustion engine, and the development of electricity supply systems 
enabled the United States and Europe in their turn to dominate the market 
economy. The recent development of such new forms of energy as nuclear energy 
has been continuing that story. From the Second World War until 1973, in the 
Northern Hemisphere, economic development seemed tc go hand in hand with a 
growing consumption of primary energy. Per capita energy consumption is Eo 
sidered a major indicator of development and there is a tendency to believe 
that the progress of civilizations is based on the mobilization SEsever 
increasing sources of energy: to this day, despite the economic crisis, many 
people continue to think that they must copy the big industrial countries with 


their hyperdeveloped energy system. 


most of them in the Southern Hemi- 


The non-industrialized countries, 
ity in gaining access to 


sphere, also need energy, but have extreme difficu ; : 
fossil resources. Generally speaking, increasing consumption 1s aaa Rigs © - 
major condition of, indeed a key to, economic development. Thus, among the 

indicators used by UNSDRI(1) to define the state of development of countries, 


arch Institute. ‘Contents and 


TOM 6.3 IAS 2, 
Nations Social Development Rese 
(1) United Nation Pp -agherenien Sie ears 


measurements of socio-economic developme 
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the consumption of electricity and the mean per 

ion of energy. Most international bodies (the World Bank, the 
capita ee energy indicators. However, these indicators do not 
FAO, etc. a 


i urces as firewood, which neverthe- 
i such non-commercial reso i 
saat ee role in most countries of the Third World. Moreover, these 
less plays 


dicators simply define amounts of crude energy: they tell us nothing about 
; a ' 
erode of production, efficiency, and ultimate use. 


two involve energy directly: 


There remains the fundamental question of whether or not development is 
dependent on high energy investment. The answer is evidently that 
ae aio i ee when one considers the extremely low energy availability 
se Te lot ee nane Third World countries. Here, the problem is providing 
Pe ixesan with their most elementary energy needs (cooking of food, 
transport, ...). However, the answer must be much more qualified when the con- 
sumption of energy is directly linked to the use of more or less sophisticated 
technologies or channelled into sectors devoted to exports to the industrial- 


ized countries. 


The agro-alimentary sector often provides striking examples of the wrong 
use of energy-costly technologies (irrigation by pumping rather than by 
gravity; drying of crops by various industrial methods rather than by simple 
exposure to the sun, ranching rather than traditional farming, ...). Many poor 
countries in Africa and Asia exhaust their resources in exporting cash crops, 
the financial return from which no longer balance the increasingly large oil 


Bibl ke. 


The only source of energy to which the largest part of the population of 
these countries has access is timber and animal and vegetable waste: wood, 
charcoal and waste represent a worldwide source of energy amounting to close 
on 600 million tons of oil equivalent. More than half of mankind is therefore 


dependent on the biomass for cooking of food. 


Very often, this use of the biomass, which leads to dangerous pressure on 
forest ecosystems, is not enough to supply even the elementary needs of the 
population. According to the FAO more than a thousand million human beings in 
Africa, South-East Asia, Andean and Central America are in deficit. One of the 
priorities of all energy policies for the Third World, therefore, must be the 
improvement of the efficiency of stoves, hearths, etc., together with 
reafforestation. 


The inadequate transport systems of most Third World countries constitute 
another major obstacle to development: we need only recall the importance of 
cheap means of transport during the industrial revolution to realize that this 
1s a key problem: in this field an effort to improve traditional practices 
based on animal traction and to introduce more modern technologies is indis-— 
pensable. More generally, energy policies based exclusively on traditional 
resources will not help the Third World to escape from an energy famine that 


aiila only bars any hope of development but threatens the very existence of the 
population. 


ea use of solar energy is certainly indispensable; hydroelectricity, 
1S a renewable source but calls for the installation of an extremely 


costly electricity network is b , 
adly suited t 
large, rural pametbanst y o the needs of what are, by and 


Th ' ; 
ad. a fossil energy, above all oil and gas, much more convenient 
Coal. Most Third World countries have an oil potential that is not 
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being exploited or even explored 

pene ce the exploration Br Watenecamest beter 

iat ee Peete tees: They are doubtless correct, especially if th 
ne Ae st Ey a 1s invested in durable energy SH nRNEO Ee ene 
So bes e — of oil and gas would, moreover, help to alleviate the 

: gy burden that weights so heavily upon the inhabitants of the Third World. 


many specialists(1) 
es in the Third World 


These options presuppose true international co-operation - which is 


cruelly missing today - and the 
y also come up against num i 
socio-political obstacles. ‘ oat ee baaae 


IV. ENERGY AND ENVIRONMENT 


All human activities involve the use of energy: this fact entails a whole 
series of environmental effects at the point of mining or drilling no less 
than during transport right to the point of utilization. These overall effects 
on the environment (buildings, open spaces more or less artificially re- 
designed by man, living beings including man, scenery, the national heri- 
tage, ...) are either chronic (permanent or recurring with fair regularity, 
widespread or more rarely localized) or accidental (in which case they are 
generally localized at first even if they are later extended to wider areas). 


Without making a full list of all the problems the use of significant 
quantities of energy poses for the environment, we can say a few things about 
the main types of energy used. 


As far as coal is concerned, its exploitation has important scenic reper- 
cussions (the aesthetics of pitheads, tips of sterile material representing up 
to one-third of the tonnages extracted, scars left by open-cast mining, ...); 
at the health level, it is the cause of miners' silicosis (a grave pulmonary 
disease), and it has been responsible for many disasters (firedamp explo- 
sions). The combustion of coal involves the production of sulphur dioxide and 
its release into the atmosphere: this form of atmospheric pollution poses a 
threat to human health (chronic bronchitis), to the longevity of buildings and 
monuments (crumbling of limestone in particular) and to forests, rivers and 
lakes (acid rain). 


The oil industry, too, is associated with a series of catastrophes: oil- 
well fires (some at sea), platform mishaps at sea, oil slicks (grave coastal 
pollution, but also chronic dumping of oil), refinery explosions. Some fuel 
oils also contain sulphur (up to 4 per cent by weight): their use releases 
sulphur dioxide into the atmosphere, just as happens with coal. The use of 
petrol in motorcars and in aeroplanes is responsible for another form of 
atmospheric pollution: the liberation of nitrogen oxides, of complex erteent 
derivates (PAN - peracetyl nitrate), of unburnt hydrocarbons, of carcinogenous 
substances (benzopyrenes), of additive residues (lead) ... 


With gas, too, accidents may occur, though more rarely (risk of explosion 
during extraction, transportation or storage). The most common pare 
associated with domestic use and generally affect no more than a few people 


a time (explosions in private houses, gas poisoning and asphyxiation). Natural 


Co ee ERIE PEL eee .* ° a“ e t 

(1) Particdlarly ?. Desprairies, "La premiere hte a ue ey 
pétroliére et gaziére des pays du Tiers Monde’.. Revue d'Energ ’ 
pp. 654-660. 
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contains sulphur products (SHz, S02) with a — ee pol- 

See can generally be averted by appropriate CreEReMEA®. 

ic energy we must build dams, usually on a gigantic 
; onstruction entails the destruction of whole areas (often 

scale. Their c d and fertile valleys), regressive erosion of the slopes of 

densely populate jaar on neighbouring areas whose cumulative destruction 


the basin (with e the loss of fertile matter downstream (the case 


i the dam), 
Se ar were also sanitary problems of a special kind, namely 
Oo 


od i lear it of accumulated 
i ‘osis). The periodic emptying of the dam to c. ' 
Re teats Eo: tte large-scale destruction of fish. Accidental bursts, 
s 


To produce hydraul 


fortunately rare, have a lethal effect. 


Arguments about the construction of nuclear power stations are chiefly 
centred round the potential risks: the supporters stress the fact that there 


have been very few if any deaths in nuclear power stations, the adversaries 
fear widespread radio-active pollution of the air and water, or thermal pol- 
lution of rivers, lakes and the sea and the risks associated with possible 
‘accidents (Harrisburg, United States). They insist that the potential effects 
on the population as a whole must first be evaluated (increased incidence of 
cancer: cf. the polemics about the Windscale reprocessing plant in the United 
Kingdom). They also stress that the production of plutonium, a by-product of 
certain nuclear processes, supplies the material for making atom bombs. 
Nuclear power stations have a limited life: these ‘modern cathedrals' as some 
people call them, leave conspicuous scars on the landscape. 


The 'aggressive' effects of gigantic developments on the environment can 
also manifest themselves with so-called soft energies: some solar power 
stations cover vast areas, enormous batteries of wind-driven generators can 
profoundly change the scenery. | 


The use of such vectors as electricty is not devoid of domestic risks, 
and of the risk of electrocution in particular. 


On the planetary scale, numerous studies have shown a fairly significant 
transformation of the atmosphere, with possible long-term climatic effects, 
especially due to increases in the carbon dioxide level connected with the 
continuous combustion of fossil fuels (coal, oil and gas) since the beginning 
of the industrial era. 


The picture we have drawn seems rather sombre and may arouse dreams of a 
return to a Garden of Eden blessed with a minimum use of energy. In reality, 
we can hope for no more than a medium-term energy policy minimizing the 


deleterious impact on the environment while maintaining a reasonable level of 
energy consumption. 


SS 


PART TWO 


ENERGY AS A THEME OF ENVIRONMENTAL EDUCATION 
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CHAPTER I: THE EDUCATIONAT, METHODS AND THEIR APPLICATION 


Ry THE ESSENTIAL EDUCATIONAL APPROACH IN EE(1) 


No matter what the chosen them i ; 
of so-called active educational See pearance Aeron recur a 
system of lectures in a classroom and of basing knowledge oe : fc 
teacher's say so ... Environmental education methods are pecan oe depron’ 
exchanges between the group made up of teacher and pupils, on nina en Sie 
of the pupil's autonomy, on the clearest possible def indenon of ae meee 
and on constant evaluations during and at the end of a particular oth cn 


activity. They involve a number of approaches some i 
of which have been 
in another Unesco publication(2). cg > 


They can be briefly described as follows: 


Ir. Guided environmental interpretation 


Awareness of environmental problems and the consequent involvement of 
individuals cannot be fostered unless these problems are set clearly in the 
framework of people's lives. Hence it is advisable to start with guided 
environmental interpretation, a method that starts out with an analysis of the 
environment based on observations and surveys and then turns to various docu- 
mentary 'sources' (publications, competent persons called ‘human sources or 
resources’ ...). 


Often, there is a need to develop an activity 'transplanted' to places 
other than those in which the individual is involved in his daily life; in 
that case systematic experiments will always prove very profitable but must 
subsequently be applied in practical life if they are to provide a real moti- 
vation for action in the pupil's normal environment. In all cases, the inter- 
pretation of the data should help to establish what elements are at work in 
the genesis and operation of the observed structures and processes, and what 
the interrelations between these elements are. Beyond the descriptive aspect, 
the student will be led to a critical analysis of situations and phenomena 
(see below: Value analysis). 


ee, Discussion groups 


This is a basic technique and should be applied in conjunction with all 
the others. Learning to exchange views; to be tolerant, developing better 
social relationships, ... are the essential aims of this form of education. It 
will also drive home the need for some organization of the discussion groups 
and of the discussions themselves as a measure of their real efficacy. 


oe Value analysis 


The fact that, in dealing with environmental problems, their causes, the 
search for solutions, the choice of alternatives, ... one is constantly forced 
to resort to value judgements (good-bad, peautiful-ugly) is something Spee 
should not be overlooked. On the contrary: an effort should be made to eae L 
tify the values to which one constantly refers, sometimes non-explictly; it 


(1) EE = environmental education. et tae 
(2) Unesco, Division of Science, Technical and Vocational uca 


Environmental Education Series 15.3.0 "A problem-solving approach to 
environmental education’, pp. 1-59, 1985. 
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ignore the clash of opinions and hence of eee 

: - they should be aired in a climate of pir gest es es 

value choices; a is essential for any real form of i aanaa : a 

tolerance. This a reflects very clearly what happens in politica an mie 

SS SA sea education is to become a true form of civic education, 
ife: if en : 

aay analysis must be an integral part of it. 


would be quite wrong to 


4 Games and simulation 
ee ES SS SS eee 


Although games and simulation involved ‘artificial’ situations, they 


‘Wi e mentioned: discussion, clarification of 
Saleh es to games and simulation systematically, we 
Se them to good advantage. Role-playing is traditionally based on 
asking the participants to portray certain well-defined persons (e.g. a local 
government officer, a farmer, a consumer with a given social status, ...) in 
the context of a particular problem, a well-defined real situation and clearly 
defined values. The accompanying discussions of the causes of an environmental 
problem and of the choice of solutions will provide an excellent means of 
clarifying values and will often offer a chance of determining appropriate 


activities in the field. 

Simulation calls for a good description of the interacting elements and 
if possible for an approximate quantification of the interrelated effects. It 
should be possible to establish very simple (or more elaborate) models based 
on more or less complex foundations. However, one should be careful not to 
turn the results of an artificial game into "images' of the future: they must 
be subjected to a rigorous critical analysis(1l). 


2 The experimental workshops 


An experimental workshop is useful whenever there is a need to create 
objects with at least a demonstrative function. That is always the case when 
we try to communicate with others (other classes, parents, the community, ...) 
through: 

newspapers; 

posters or panels; 

photographs, films; 

audio-visual displays, 


However, this type of communication with the outside world and the relative 
simplicity of the means used do not necessarily conjure up the name of work-— 


tified needs. The object thus constructed is already one element of the sol- 
ution of the problem. 


6. The action-directed solution of roblems 
3 es on OF probiens 


ee of analysis used and of the practical applications of the knowl- 
Ss S acquired, [It might be argued that written accounts are, in 


ly) Unesto == : 
» Environmental Education Serie ’ 
S No. 2, "Guide o i 
games for environmental education’, pp. 1-101, 1983 ihiueiedicaes 


ee te 


themselves, a kind of educational spur and an o re 
there is no action unless there is a project = Sis pape action. 
mented to produce a tangible ordering, structurin at dee apn 
objects, places, constructed sets, natural tienen... 


However, 
is imple- 
Lhe 


In some cases, that operational action rests on prior educational 
al, 


e i i ‘ ; 
conomic, technical, ... studies or on a combination of these vari 
in that case we speak of action-research. TAKS SORE Chee 


socio- 


P. The educational follow-up 


The overall educational approach of environmental education invol 
educational follow-up that progresses from the initiation of the mp re 
definition or demonstration of the motives, a preliminary jeanieten eee toe 
objectives ... to a short or medium-term evaluation, all involving const : 
checks of whether or not the action at each phase matches the hae aa 
the evaluation. This educational follow-up allows for possible sae es = -_ k 
and hence for adaptations based on increasingly better andeentan alee of ae 
lems and the maturation of the teacher-pupil group ... while Seren pacers a 
minimum organization to prevent loss of motivation and to ensure the achieve- 
ment of concrete results for the gratification of the participants. 


II. VARIOUS TYPES OF ACTIVITY: APPLICATIONS TO THE ENERGY THEME 


The various educational approaches or techniques we have mentioned should 
be translated -— most frequently in combination with one another - into activi- 
ties by teacher-pupil groups, account being taken of the specific aspects of 
some of the themes under review, of local cases, of the field of application 
of the activities ... 


When it comes to energy, considered a pluridisciplinary theme from the 
environmental education viewpoint, the possible activities are numerous, and 
it is rather difficult to classify them; the divisions we have nevertheless 
established do not therefore reflect very formal separations, especially not 
at the level of overall activity. 


BS Analysis of, and reflection about, the environment with the help of 


documents 


This type of activity crops up in environmental education projects from 
the initial phases, especially when it comes to the choice of a theme and/or 
an underlying study, and recurs throughout the course of the activity. 


Over and above the analysis of the environment and the identification of 
problems in situ, reflection on specific points, essentially of a conceptual 
order, will often be found to be indispensable, albeit it cannot be considered 
an essential part of environmental education; a judicious choice of documents 
or texts will, in that case, facilitate discussions capable of illustrating 
certain concepts as clearly as possible. Here we shall merely give a few 


examples of this type of procedure. 


(a) Analysis of economic statistics 

h problems of human geo- 
the study of statistics, 
s also on a regional 


Reserved for more advanced classes familiar wit 


graphy and economics, this type of analysis rests on 
most of them drawn up on a national scale but sometime 


basis. 


auh@as 


f the distribution of consumption levels 


(1) The mere examination oO 
.- can lead to interesting 


sector by sector, of the choice of these sectors, 


reflections. 
It is possible to obtain an evaluation of the various types of 
consumption in every sector by consulting a TIE (Table of 


(2) 
direct and indirect 
Industrial Exchanges). 


(3) Some figures also provide a balanced view of the operation of a 
national energy system, showing how the sources are linked to the various 
sectors and what the losses are. The search for the origins of these losses is 
an exercise that provides a concrete glimpse, on the one hand, of the conse- 
quences of the inescapable constraints of the laws of thermodynamics, and on 
the other hand, of the methods of controlling energy through the operation of 


the economy. 


In this framework, some schemes merit more detailed examination. The 


energy flow of a country, from the sources to the point of consumption, is 
> 


often presented in the following form: 


HYDROELECTRIC 
. 43 
NUCLEAK _ [85) 


k 
as 


: HOB R] 


COAL 


UNUSED ENERGY. 


VSEFUL ENEREY [355] 


EFININe LOSSES 


ENERGY FLOW IN AN INDUSTRIALIZED COUNTRY 


(France i : 
in 1979; Unit: one million tonnes of oil equivalent) 


ae eae 


Such concepts as lost energy (entropy, 
thermodynamics) and of useful energy are ea 
the help of such documents; in addition, 
istics of the use of energy by the countr 


ete imposed by the laws of 
es y introduced and discussed with 
ey bring out the special character- 
1es in question. 


(b) The analysis of texts 


As our first example, we shall quote a passage from the writing of th 
economist, N. Georgescu-Roegen(1), which can serve as an excellent nee. ae: 


discussion leading to an elucidation of th 
e ; 
pia ai concepts of accessible and usable 


’ 


Accessible energy and accessible matter 


As we saw, the distinction between usable and non-usable energy 
(generalized by the distinction between low and high entropy) was intro- 
duced in thermodynamics to account for the fact that man can only make 
use of a particular energy state. However, this distinction does not mean 
that man can use all forms of usable energy no matter where they are 
found or in what form they appear. If the usable energy is to be of value 
to man, it must also be accessible. Solar energy and its subsidiary prod- 
ucts are accessible to us with practically no effort, without additional 
consumption of usable energy. In all other cases, we have to invest 
labour and raw materials to draw on reserves of usable energy. Even if we 
should one day be able to settle on Mars and discover reserves of gas 
there, the usable energy would not be accessible to us if, in order to 
extract one cubic metre of the gas, we should have to invest more energy 
than the equivalent of one cubic metre of gas on earth. There are bitumi- 
nous schists from which we can only extract a ton of petroleum by using 
more than a ton of petroleum to do so. In such deposits, the petroleum 
would still represent usable energy, but not accessible energy. We have 
been told ad nauseam that the real reserves of fossil fuels are certainly 
greater than any that are known or have been estimated, but it equally 
certain that a substantial part of these reserves does not constitute 
accessible energy. 


The distinction with which we are concerned here involves energy 
yields, not economic returns. An economic return implies an energy yield, 
but the reverse is not true. The use of gas, for instance, is more 
profitable in energy terms than that of electricity but, in a good many 
cases, electricity comes more cheaply. 


Thus, although it is possible to produce gas from coal it is cheaper 
to extract it from natural gas deposits. If the natural gas resources 
were to become exhausted before coal, one would certainly have to Eooee 
to a method that, at present, is not economically profitable. This idea 
ought to be borne in mind in all discussions about the future uses of 


solar radiation. 


Nevertheless, economists argue that resources should be measured in 
economic rather than in physical terms. This attitude reflects one of 
their most obstinate myths (they are not its only victims) that the sees 3 
mechanism can mitigate all shortages in land, energy or material. That 
myth will be examined below but, for the moment, let us merely 5 aed 
that in the long run, the return must be expressed in energy terms , 7c 
involves an assessment of accessibility. True, the real yield at any 0 


(1) In N. Georgescu-Roegen, 1979: Demain la décroissance, Entro ie-Ecologie- 


Economie, pp. 52-54, Editions Favre, Paris and Lausanne. 
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licity's sake, we may put it that adaptation to climatic con- 
For simplicl 

ditions is achieved by making allowances for 
h ind (protection from the wind or using the wind for cooling 
the win 


urposes) ; 
: ion, storage of heat, cooling, search for a good 


ure (insulat ; 
Cemperes tre the heat of the sun); 


facing position to capu 


solar radiation (light and heat); 


rain or snow. 


Properly designed buildings are one of the oldest means of making good 
se of weedy (even if that fact is not always conscious or expressed). Pro- 
pes from the elements and the husbanding of energy resources join forces 


in this more or less empirical approach. 


Many educational activities can be designed round the analysis of this 
feature of urbanism and architecture: 


the lie of villages in the landscape; 

the type of housing (detached, semi-detached, ...), size of roads, vege- 
tation; 

the type and colour of the building material, the size and position of 
doors and windows; 


the plan and organization of house; 


the demands on the domestic energy budget, ... 


Beyond certain well-publicized cases, which have a spectacular character 
but do not necessarily occur in the child's environment, the teacher must try 
to use an analytic technique rooted in the child's daily surroundings which 
are often humdrum villages apparently devoid of any interest. The child must 
be led to make genuine discoveries in his description of the bioclimatic 
approach used but not always apparent, or in his critical study of its 
absence. Nor should the formulation of reasonable wishes, the enunciation of 
proposals, the elaboration of construction plans be neglected in the overall 
analysis (see facing figure). 


(c) Drawing up energy balances by eco-energy analysis 


This type of analysis is still in its infancy, but should not be ignored 
by educationists; indeed encouraging attempts in that direction have already 
been made. However, the analysis demands a relatively late school level (end 


of secondary education), especially if the teacher wishes to introduce a quan- 
titative dimension. 


This method makes it possible to work on a local level starting from data 
gathered by inquiries or questionnaires and is therefore fully in line with 
bas environmental education approach. Moreover, it also facilitates the draw- 

ng up of an energy balance for the country as a whole from the relevant 
economic statistics. In Practice, eco-energy analysis (EEA) forces us to: 


(lh) “dettie ana delimit the System under review; 


(2) collect the necessary data; 
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these data with a view to obtaining a (mathematical) 
treat 


- expression of the energy involved; 


lyse the results, and possibly use them to draw up proposals 
sat Cen ceed production methods, development plans). 


he rest, since what is involved is an environmental education 
; ae en a must be made to communicate its results (dialogues, 
ee ) to individuals and to the community concerned with the 
exnl ? oe 
system under review. 


In the appendix, the reader will find practical hints on that type of 


activity. 


3; Activities of a chiefly manual nature 
(a) General approach 


In environmental education it often seems useful and even indispensable 
to involve the participants in a concrete activity. Practical set-ups, the 
construction of a piece of apparatus or simply of a model of it, all go with 
this type of approach and have the added advantage, thanks to their manual and 
experimental nature, of offsetting the so-often disparaged academicism of tra- 


ditional educational activities. 


A very large number of experimental set-ups are described in physics 
textbooks of various levels. The majority are intended to establish, 
demonstrate or illustrate basic concepts and fundamental laws and to arrive at 
quantifiable expressions and measurements. It is plain that a formal and 
abrupt introduction to that type of set-up is not likely to arouse the pupils’ 
interest. However, if a concrete problem and analytical difficulty lead the 
pupils to it, then their attitude will be quite different. Some textbooks, 
moreover, try most laudably to establish a clear connection between physical 
concepts and everyday reality. The need for the relevant experiments must be 
felt spontaneously; it would be futile to try to impose it on pupils. 


In environmental education, the choice of the energy theme thus often 
leads to practical activities, and that might well be one of the teacher's 
main objectives. If such activities are the result of serious reflection, they 
will be preceded by an approach of the experimental type, with tests, prior 
measurements and an evaluation of the results. 


Let us take the case of the construction of a flat-plane solar collector 
for the purposes of heating water. The principles of its construction involve: 


the greenhouse effect (glazing); 


the heat-absorbing Properties of a given surface (preferably a black 
surface); 


the transport of the Captured heat (usually by air or water); 
Storage (various liquids, pebbles, walls, etc. FN 


5 ae Beles principles are granted from the outset after observation 
if only to phate —— or of its design, it is a good idea to verify then, 
tideriale. + “ia fhe most effective method of construction and the best 

- +0 that end, the following questions will have to be answered: 


~ 53 = 


(1) How does the greenhouse effect manifest itself? 
temperature measurements must be made, 
confined in a space behind the glass; 
single and double glazing and with o 
plastic foil, bubble layers, ...) 


To determine that, 
the captured heat must be 
there must be experiments with 
ther materials (plexiglass, 


(2) How is the heat to be 'transported'? Are there losses? (Temperat 
measurements, experiments with tubes or pipes of ane ca aenay 
+] 


examining the problem of insulation, choosi 
insulator;.<.<). : oosing the best 


(3) How should the receptor surface be selected? (Material 


e Cc: —_ 
duction by metals, ...). » colour, con 


(4) Where and how should the heat be stored? (Choice of location: stor- 
age medium, storage chamber, insulation, ...). ; 


The need for making comparative tests and for taking temperature measure- 
ments (thermometers, thermometric probes) seems self-evident in this case 


The measurement problem also arises when we want to gauge the effect of 
an energy-saving device (insulation, for instance). Similarly, in the energy 
calculations for a particular installation, or to determine the costs of run- 
ning a house, no proper formulae can be obtained without adequate mathematical 
expressions of the basic concepts: energy, power, work, transformation of 
energy, degradation of energy, efficiency, ... 


(b) An example of an activity centred on the solar energy theme 


We shall now describe a project devised by pupils in the College 
J. Valeri in Nice, the actual work being done by a team of teachers at the 
CEMEA (Active Methods Training Centre). 


? 


Study of the sun 


- motion: study, use and/or construction of simple instruments to eluci- 
date the underlying phenomena: gnomon, sundial, heliolabe, theodolite, 
sun compass, ... 


- solar phenomena: sunspots, granulation, limb darkening (study, 
photographs), ... 


- radiation: solar spectrum, solar constant, helioscope, .-- 


Solar energy 


Collecting the energy: 


- influence of colour; 


- study of greenhouse effect (single, double and triple glazing; compar i~ 
son of glazing materials; distance between two glazing layers; distance 


between glass and absorber); 


seeking mirrors; semi-cylinder, 


- study of concentration effect (position- 
; sorber with respect to 


cone, paraboloid, sphere; position of ab 
reflector); 


eo 


tance of insulation: test of various materials; 
impor 


arative study of the thermal properties of materials; 
comp 

tudy of the importance of direction of the collector; 
stu 


importance of evaporation in a heat exchanger and in a swimming pool; 
mpo 


study of photo-voltaic cells; 


calculation of the power of various school instruments. 
Heat exchange and storage problem: 


- by contact; 


- by circulation of a liquid or gas; problem of thermophons. 


Problem of siting houses: prior study of roof constructions designed to 
avoid the sun reaching the south-facing wall in the Southern Hemisphere. 


Design and use of experimental and practical materials 


- diaporama; experimental solar collector; 

- hot-air collector for use in the classroom; solar cigarette lighter; 

- solar grill; 

- study to reduce the heating of air in tents; 

- solar collector for a holiday village and a public hot water fountain; 
- solar shower; solar cannon; 

- model solar merry-go-round; 

- model houses, .., 


~ as projects: study of water heating in a large pool (the swimming pool 
of a holiday centre). 


Launching a (reduced model) solar energy hot-air balloon.' 


4. The search for solutions to environmental problems 
FO environmental problems 


; The main aim of environmental education is to avoid environmental prob- 
ems or, where they already exist, to help surmount them. This can be a long- 


activity or exercise should culminate in some tangible achievement. This may 


take the form of producing a material that will work effectively and will be 


cae 7 advisable to underline the Significance of a given exercise by 
8 its impact on People's individual and collective lives ... The range 
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of projects can easily extend from the indiv 
local communities of a fairly small size (vi 
point, however, it will be necessary to contact local authori 
associations. All the exercises have an educational seraetae | 

involve a large number of people: the results mus a et ae oe 


t be made publi d ; 
circle must be induced by example to : tacus P ene and a wider 
ary ¥ Pp engage in similar operations of the same 


idual (at home, at school, 


llage, district, eye ae 


---). Beyond that 
ties and special 


As far as energy is concerned, two lines of ‘ - 
of all, in considering the effects of some forms pe APR LDES EE ee eG 
and on local, regional and national development, people will be encouraged 
put forward solutions that reduce or eliminate the most undesirable pe = 
effects. Moreover, if attention is focused on the husbanding of ee 
energy savings will become the paramount consideration. To make the most of 
this subject, the reader should stress that energy Savings can apply to direct 
consumption (energy vectors: oil, gas, electricity...) no, Jess, ¢hans do. inc 
direct savings (objects, buildings, various products). 


gy on the environment 


Energy savings often result from simple changes in habits and attitude 
(e.g. switching off lights when leaving a room, making full use of the gears 
when driving, ...), from the introduction of what are sometimes quite elemen- 
tary devices (draught excluders, stoves for open-air cooking, ...), or from 
better control and distribution systems (heat regulation in blocks of flats). 


All recycling operations (metals, glass, paper, ...) and all maintenance 
and repair work (the fight against wear and tear and waste) are indirect forms 
of energy saving. 


Similarly, the search for alternative sources of energy, differing from 
current methods of production and consumption - whether they be entirely novel 
or based on a return to old methods that have fallen into desuetude - can some- 
times contribute to energy saving as well as to changes in lifestyle. 


a oe 
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CHAPTER II: DESCRIPTION OF THE MODULE AND OF ITS USES 


The structure of the module 


When used to further the general obj 
: jectives of envir ‘ 
module is meant to help students and teachers: osmentad education, a 


to take an objective view of the preoccupations and values on which th 
rational management of resources is, or should be based: EhE 
b] 


to engage in practical activities reflecting their level of environmental 
awareness and desire to shoulder some res ibili 

ponsibility for the 
of resources. y Management 


The module presented here, as part of the general theme of ener is 
intended, in particular, for school pupils in two age-groups eee De 
first and second years of secondary school) and is based on the fact that, as 
children grow older, they can be made to: ' 


advance from subjects based mainly on an appeal to perception to more 
abstract subjects; 


pay greater attention to quantitative aspects and to more complex 
interrelationships; 


extend, if necessary, the field of the investigation (school, district, 
town, region, country, world); 


put forward remedial suggestions or more credible alternatives based on 
technological information. 


The module is divided into eight sections, each with a subsidiary theme 
of its own: 


energy; definitions and forms; 

units of energy and power: the concept of efficiency; 
history of the use of energy; 

energy chains and the transport of energy; 

energy production; 

the use of energy in the main sectors; 


energy economics and energy saving. 


Each section is made up of a descriptive passage (presentation text) and 


one or more worksheets. 


1 functions: 


The presentation text has severa 


(1) it allows teachers and pupils to acquire or revise conceptual or 


cognitive notions rapidly; 


= Shi 
ye rovides a basis for discussion prior to the use of the work- 
(2 tt p 


heets; such texts are not sacrosanct: progress can also be made by 
sheets; 


subjecting them to valid criticism; 


it supplies a framework for wider research into the subject under 
Les 


(3) 


discussion. 


i he reader is referred to the various 
her documentary material t 
cae eee in Part One and in the appendices of the present publi- 
ae die Further bibliographic material should be chosen and presented with 
ca - 


appropriate comments to their pupils. 


The worksheets contain suggestions that must be modified to suit the pre- 
vailing conditions, the means at the pupil's disposal, their abilities, and 


the kind of environment in which they live. 


Major modifications will have to be made to suit any of the four possible 
and very different types of environment, viz.: 


heavily industrialized, predominantly urban societies; 


heavily industrialized societies in which rural areas are still of some 
importance; 


moderately industrialized societies with large urban areas; 
moderately industrialized societies with predominantly rural areas. 


All the worksheets are based on an identical layout, presenting 


The aims and objectives 


The student's level: 
== Stucent s level 


- Level I corresponds roughly to the early stages of secondary school 
education (some exercises, if simplified enough and if based on single 
choices can even be used by children at the end of their primary 
education) ; 


~ Level II is reserved for the latter stages of secondary school edu- 


cation, but can also be used for the training of teachers in multi- 
disciplinary teams. 


; mben: both levels are given, the teaching team should encourage such lines 
of investigation as accord best with their students' level, 


The Subjects: Not all the subjects listed under this heading need necess- 
arily be taught for 4 teaching team to function effectively. 


The material: This should be determined at the Start of any exercise but 
can be amended as the need arises, 


Ex i : P ; 
= eises: These are based on questions, suggestions, documentary 
Searches ,., 


Projects: These are aimed at practical actions involving the solution of 
i cigioe problems; the ideal is to arrive at either the implemen- 
ton of a practical plan (e.g. puilding a machine with a precise 
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function) or organizing an activity, 


(e.g. reducing the energy consumption of i ‘ 

imum requirement is that others om the eighteen ees ee 
the outside world, should be informed of the result sa aie 
increase their environmental awareness, ah, 
act of environmental education. 


the results of which will be obvious 


i such a way as to 
which by itself constitutes an 


All this has a twofold function: 


- first, to take stock of the results of the activity or exercise 
> 


only by means of a simple dicussion and a tabulation of the 
conclusions; 


if 


- second, to stress the relevance of these conclusions to the outside 
world, that is, to the community concerned with the problem under 
review. Incidentally, this may necessitate extending the original time 
schedule, if, say, additional research or practical work may turn out 
to be needed. For that reason, the time needed to complete the various 
exercises is not stipulated in the worksheets. 


Educational aids 


The educational activities suggested vary depending on the subject; for 
the most part, they are based on the use of such active educational methods 
(see Chapter I of Part Two) as: 


(a) Observation of the surroundings: students' observation of their 


surroundings (at home, in the street, in their normal environment, ...) pro- 
vide the basis of the necessary information and as such give rise to reflec- 
tion; by asking pointed questions moreover, the teacher can encourage greater 
accuracy and depth, and sometimes steer students towards more advanced 
inquiries in a particular field or generally help to extend their documentary 
and conceptual tools. The inquiries frequently lead to meetings and interviews 
with concerned people (local inhabitants, officials, maintenance workers, 
etc.). The report on the results of these inquiries and observations must be 
compiled with special care because they are a major element in the armoury of 
the pupil-teacher group. 


(b) Documentary research: the study of documents takes various forms and 
serves various ends. Illustrations (photographs, drawings) clipped from maga- 
zines for example, can be used to create a series of images: 


as aids to discussions; 
for use in game playing (e.g. cards); 


for presenting the results. 


a not only contribute to understanding but also 


Texts and statistical dat 
c sources. 


stimulate thought and lead students on to other bibliographi 


Big companies, private or semi-public bodies and ministries ee 
with energy problems often publish information intended for the pubiic, 
sometimes specially written for schoolchildren. 


(c) Games: there are some carefully designed aids, mainly Sr ae 
the training of senior staff and based on the possibility of simulating» : 


the 
economic situations at company level. Many of these aids are devoted to 
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: ir level of sophistication is 
ticularly energy). Their 7 
control of begquecene (1a schoolchildren. Simpler games involving, 
beyond nh eae es or a type of snakes-and-ladders board with squares repre- 
say, matching cares can also be devised either by teachers 


: ; ons and ideas : . 
ee ee ean and pupils together during, the exercise. Some games 
before, oO 


in toy-shops, etc. can also be used: the pupils are encouraged to analyse 
re Re eeics and the way in which these can be attained. 


t in this area: pupils are asked 
-playing games play an important par 1 
to ——— someone who, in a given situation, plays a decision-making role 


; official) or helps to shape public opinion (e.g. an 
ates Pas atta aaa group) . All the actors then take part in a debate, 
PA helps them to appreciate the values defended, and the constraints, and 
also shows them how to define objectives and make the relevant choices vee 
Such role-playing games can be a preparation for interviews or for attending 
public debates: they also foster tolerance and lead to the formation and 


expression of considered value judgements. 


(d) Inquiries and interviews: their aim might be the analysis of various 
types of public attitude (or of the attitude of a particular section of the 


public) to a given problem. However, their most important objective is to iden- 
tify the structures and, within them, the individuals, that allows society to 
make choices, to take what steps it deems necessary at the technical and human 
level. On the information level, contact with experts and technicians will 
often be essential to anyone anxious to discover the relevant constraints. A 
variety of interviews together with a careful analysis of the responses 
elicited guarantees a more objective approach and will lead to more rational 
and measured appreciations of the situation. The most important point is to 
determine how individuals in a given community feel about, and regard their 
place in, the environment. 


Interviews with experts are also a source of information not only on 
technical and economic problems but also on the constraints to be taken into 
consideration when making choices and on the type of value brought to bear 
consciously of unconsciously on decisions. However, the need for objectivity, 
cig is often obscured by too partial approaches, should always be borne in 
mind. 


(e) Concrete environmental action: action on one's environment is the 
best possible contribution to the problem-solving educational approach: it 
should therefore be given preference. Practical activities call for organiz-— 
ation and perseverance. Choices will range over a rather extensive spectrum, 
from, say, the elaboration of a project for submission to responsible bodies 
to the actual performance of certain tasks (e.g. collecting materials for re- 
cycling, ...). Activities Or exercises intended to increase group awareness 


also deserve close attention as they can encourage actions by officials and 
other adults. 


Some guidelines for the use of the module 


1. id as its Content is concerned, the module has been designed for 
ehly flexible use. In effect, the canvas presented here is vast and 


ats, er teaching team will proceed from a concrete problem related to 
hacen: e.g. domestic energy consumption; see Section VII) and go on to 
y among the essential facts and concepts presented in other 
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sections those which seem i 
a priori the most impo 
and understanding of the chosen topic; eae, ih Gore rman fa 


other worksheets, either in part or as a whole 


. alyses 
will have to use several 


If the teaching team has enough time and if it is anxious to view it 
S own. 


procedure in context, it can gauge the ils' 
pupils’ progres 
of stages presented in the table on the next mae SESSA TCORA ENE Sequence 


As for the evaluation of the impact of the module on 


th ' wa 
edge, the teaching team must devise tests which can t i ines A li 


ake several forms: 


open questionnaires for individual or collective use; such question- 
nNaires can even encourage the writing of short texts: 
> 


closed questionnaires, e.g. of the multiple choice or true-or- 
type for individual use. rue-or-false 


Though these evaluation techniques are meant as tests of progress, they 
can also serve as preliminary tests of the pupils' initial grasp. An 
overall evaluation, for the teaching team, will be based on collective 
self-assessment, which will essentially take the form of open discussions 
and exchanges of views. At the pupil level, it will be based on designing 
(or better still implementing) collective projects centred on environ- 
mental problems to which the pupils can apply their recently acquired 
conceptual, cognitive, methodological and practical abilities. As an 
example, this chapter ends with the evaluation sheet suggested in the 
"Educational Model on Conservation and Management of Natural Resources’ 
(No. 3, Unesco, 1985). 


The experimental nature of our module must be stressed: teachers should 
treat the contents and the methods proposed in a critical fashion and 
make any possible changes demanded by environmental, economic and cul- 
tural conditions. 


(1) 


(ii) 


(iii) 


(iv) 


(v) 


(vi) 


(vii) 
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Identification of problems, description of facts and of 
processes in their interrelationships. 


Exposition of the main concepts; list of the main items 
of basic knowledge. 


Clarification of values involved in the problems under 


review. 
Analysis of attitudes to these values. 


Definition of educational objectives. 


Suggestions for educational activities. 
Practical exercises, 


Making contact with people outside the school system to 
publicize the procedure used and its results. 


Evaluation of the exercises and the educational procedure. 


STAGES IN THE PROGRESS OF AN EXERCISE 
IN ENVIRONMENTAL EDUCATION 
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Sample evaluation sheet 


Questions 


Physicists distingish different forms of ener 


whi 
one into another. What are these forms? fe ch can be transformed 


What are the different forms in which energy is supplied to consumers? 
What are the basic resources from which energy is obtained? 


How can renewable sources of energy be distinguished from non- 


renewabl 
sources? Give some examples. . 


What forms of energy are used in transport today? In former times? 
In your country, what sectors are the biggest consumers of energy? 


What is the total energy consumption in your country? What is the average 
consumption per head of the population? 


What, approximately, is your direct personal consumption? Indirect con- 
sumption? Add the two together and compare with the consumption per head 
of the population. 


Multiple choice 
Fossil fuels are ... forms of energy: 
(a) poor; (b) concentrated; (c) renewable; (d) inexhaustible. 


Pollution (industrial, domestic and from the consumption of energy by 
vehicles) ... a necessary evil: 


(a) is; (b) is not; (c) is perhaps; (d) neither (a), (b) nor (c). 
Our energy needs are ...: 


(a) the same for everyone; (b) always the same; (c) an inherent factor; 
(d) largely artificial. 


The new energies can be produced ...: 


(a) only by creating a lot of pollution; (b) without creating pollution 
(or creating very little); (c) neither (a) nor (b). 


Wind is a form of solar energy resulting from ...: 


(a) the motion of the sea; (b) differences of temperature in the air; 
(c) the gravitational pull of the moon. 


Solar energy must be ... to serve as an alternative source of energy: 


(a) cooled; (b) captured and if possible concentrated; (c) heated. 
The forms of energy to be found in the ocean are ..-: 


(a) the wind; (b) shellfish and algae; (c) the tides; (d) hydro-electric 
energy and electricity. 


13. 


14. 


a, eee 


True-or-false 
True-or-false 


Energy is essential for communications and transport. 

ne 

The production of energy always consumes non-renewable resources. 
ep 

Our society cannot do without cars. 

Certain societies use neither fertilizers nor machines in their 


agriculture. 


The use of fertilizers and machines does not consume energy. 
Many kinds of waste matter can be used for producing energy. 
Recycling metals is not a way of saving energy. 

It is possible for motor vehicles to use less energy. 

Goods cost more to transport by rail than by road. 

Energy cannot be produced without causing a lot of pollution. 


Natural renewable energy resources, such as firewood, are only renewable 
if their use is planned in a rational manner. 


Economic growth and the demand for energy are at present inextricably 
linked. 


The energy contained in uranium is in an even more concentrated form than 
that contained in fossil fuels. 


Uranium is an inexhaustible resource, 
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ENERGY -THEME MODULE 


SUMMARY OF CONTENTS 
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SECTION I: ENERGY: DEFINITIONS AND FORMS 


PRESENTATION TEXT 


Energy: use of the word 


The word energy is widely used in ever i 
yday life and n 
education, profession or status, hesitates to use it. abaeraen ecerese * 
would be exceedingly embarrassed were they asked for a dteadaenaeeindr aah “e 


energy — and few of those who could provide one, are lik : 
fessor of physics. ikely to satisfy a pro- 


This fact alone demonstrates several things, namely: 
(1) that energy is part and parcel of our daily life; 
(2) that the public is more or less aware of its existence; 


(3) that a word can be used meaningfully even if its definition and the 
more or less abstract notion it represents are not fully understood. 


In search of a definition 


A dictionary will quickly send us from the word ‘energy’ to the word 
"work" and will often mention various forms of energy. How many difficulties 
and problems are raised by even this small excursion into the field of energy! 
The reason is that the word ‘energy’ covers an abstraction, a concept hard to 
come to grips with, even though all of us are so familiar with the effects of 
energy and the uses to which we put it. To begin with, we shall be using two 
classical definitions, the first being found in most dictionaries: 


Energy is the ability to do work 


Unfortunately, this simple definition is inadequate. Thus we know of many 
transformations that involve energy yet do not require us to make the least 
reference to the concept of work. When we burn a lump of coal or light up our 
rooms with the help of a light bulb or candle, there is indeed a transfor- 
mation of energy but no work. For that reason, it is advisable to use an 
alternative definition, one that is more general and also considerably more 


abstract: 


Energy is what must be supplied or surrendered 
to a material system in order to transform it 


The various types of energy 


No matter which of these two definitions we adopt, it is obvious wre? pes 
term ‘energy’ refers to a large number of phenomena that vary penne om 
type. Thus solar radiation supplies energy because it heats the "pater ae 
rates water, moves the clouds. The water recovered in the form fe) ate 
collected in rivers can do work, for instance impelling turbines ee 
electricity ... To move about, we can rely on our own apeerneh mner ee os 
ing, cycling), on that of a horse (animal traction) or again 


delivered by the combustion of petrol in, the engine Shy a: Se 
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t energy manifests itself in different forms is therefore 
e 


The idea tha we distinguish: 


familiar to us. Among the most common forms, 
this is the only form of energy that needs no material 


a ieated in a vacuum with a velocity close to 300,000 km/s; 
supports 16 28 P hai example, sunlight being the most important for us. 


light is the best 
ith the structure 
gy» by contrast, is intimately bound up w 
chenice ee dt pee ie the bonds between atoms in molecules, 
en a geen the 'bricks' of which all objects and living beings are made. 
a ? 


Mechanical energy does not depend on the composition of matter or on the 
ee Fate coastiiient "bricks', but on the mass of an object and on its 


position and displacement. When that mass is at rest and stored at an elevated 
position, we say that it has potential energy (e.g. the energy of water held 
back by a dam; an object suspended from a string, ...); when, by contrast, an 
object is in motion, it is said to have kinetic energy (e.g. moving vehicles 


and objects: a motor car or a flying stone). 


Thermal energy is best known under the familiar name of 'heat'. It corres-— 
ponds to the irregular movements of the atoms or molecules of which all 


material objects are made. 


Electrical energy appears when electrically charged particles (such as 
electrons) are concentrated in a given region of space. A case in point is an 


electric current. 


Any of these forms of energy can be transformed into any other. 


It was in 1842 that a German physicist, J.R. von Mayer, stated the first 
principle of the equivalence of two very common forms of energy, namely heat 
and work. That principle was subsequently extended to all forms of energy. It 
is helpful to represent the transformations of the various forms of energy by 
means of a diagram(1) from which it can be seen that the five forms of energy 
described above, can be converted in 20 ways. 


7 0 SS 
(1) See Appendix I, 
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WORKSHEET: Energy: use of the word, definitions and forms (Worksheet 1) 
ee 
Aims and objectives: 


To make it clear that, regardless of any formal defini 


: : tion (of 
vague), energy is omnipresent in our lives and activit (often shatnact: ot 


ies, 
To show that the classical method of identif 


‘ OTs ying essential f : 
a first step in driving home the importance orms of energy is 


of energy. 


Levels: I and II 


Subjects: English (French), general studies, science, art. 


Materials: 


Dictionaries, encyclopaedias, popular books. 
Magazines, newspapers, advertisements. 


Pamphlets issued by energy-producing boards and companies. 


Exercises: 


(1) Look for the word ‘energy' in newspapers, reviews, advertisements and 
other publicity material. 


(2) Explain its meaning in the passages in which it occurs. 


(3) Look in the same texts for possible connections between energy, force, 
work, matter. Note the most common associations with other words. 
Examples: energy crisis, energy savings, energy sources, energy 
resources ... 


(4) Look up articles in an encyclopaedia or chapters in books on energy. 
Compare the definitions; write down the main keywords common to all your 
sources. 


(5) What forms of energy can be identified in the propulsion of a motorcar? 


(6) Look for a common example of each of the 20 ways of transforming the five 
main forms of energy. What are the most common machines or devices used 
in these transformations? 


(7) How many ways of transforming energy would there be if we added a sixth 


form of energy to our diagram? 


(8) Do you know any forms of energy other than those shown on the diagram? 
What are they? 


(9) From the list of the different forms of energy write down all oe 
ible pairs and then find the best technical means of changing one term 


the pair into the other and vice versa. 
(10) Design a large fresco representing all these transformations. 


Projects: 


Prepare a small exhibition for your parents or neighbour 
is energy?', ‘Energy and ourselves’. 


s on the themes ‘What 
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SECTION II: UNITS OF ENERGY AND POWER: EFFICIENCY 


PRESENTATION TEXT 


The Teun ie;* of units 


i in the measurement of energy and it is often 
ah ge tind as gee ee resulting 'jungle' of symbols. If we used 
a eee ie jointly the result would be a kind of masked ball at which the 
ee ie a aaa aa hid the same reality. Thus we would successively 
Se aa of the calorie, the kilowatt hour, the joule, the therm, the 
Ror agneitecs Thermal Unit), all multiplied or subdivided with the help of pre- 
fixes indicating greater or lesser quantities, e.g. kilo-, mega-, giga-, 
tera-, centi-, milli-, giving kilocalories, megajoules, terawatt hours, ... 


Particular caution must be used with intruders that are not units of: 
energy but units of power. The most common of these is the watt with its 
multiples: kilowatts, megawatts, gigawatts, terawatts. This abundance of units 
and the consequent risk of confusion between them may seem daunting. Now there 
would be a relatively simple way out, namely the adoption of an international 
system of energy units based on the joule. However, in everyday life, when 
people talk of heat or the energy content of foodstuffs, they prefer to use 
the calorie and its multiples; in electricity the most common unit is the 
kilowatt hour; and when people refer to the energy consumption associated with 
heating, they usually think in therms. 


The official unit - and the one everybody should use - is the joule. We 
shall here define it in terms of another unit, the calorie. The calorie is the 
quantity of heat required to raise the temperature of 1 g of water from 14.5°C 
to 15.5°C at normal atmospheric pressure. The relationship between the joule 
and the calorie is defined as follows: 


1 calorie = 4.18 joules 


Because the joule and the calorie are too small to be used in everyday life, 
it is customary to prefix them with: 
1,000 = 10? 
m 6 
1,000,000 = 10 


= 1,000,000,000 = 10° 


= 1,000,000,000,000 


; People in the 
es industry also use barrels: one barrel is equal to 159 litres. In view of 
© average density of hydrocarbons, it is usual to adopt the equation: 


= 7 = 


The electrical industry, for its part’, 
it is important to avoid the trap of confus 
namely power and energy. Power is the rate 
flow of energy and is measured in watts. 


likes to work in watt hours. 
ing two quite dist 
of doing work, 


Here 
inct concepts, 
1.e. it expresses a 


One watt represents a flow of energy of one joule for one second 


One kilowatt hour therefore corresponds to an ex 


di 
watts for one hour. poser ture ot*energy of 1,000 


Watt hours can obviously be preceded by all the £4 
tioned: kilo, mega, etc. pretixes we have men- 


The laws of energy transformation 


We know that energy can be changed from one form into another, but what 
precise laws govern such transformations? 


The first law is particularly simple: 


In all transformations, the initial energy present in one form 


is conserved in all other forms. 


This law, known as the first law of thermodynamics, simply concerns the amount 
of energy conserved. It can also be expressed by saying that energy can 


neither be created nor destroyed. 


Let us take the case of a tonne of coal. If it is burned in a power 
station, all the energy contained in the coal will be conserved after com- 
bustion, though in other forms: heat released by the boiler, motion of the 
turbine, electricity at the end of the alternator. One could sum up this pro- 
cess by the following formula: 


Chemical energy _ Mechanical Thermal Electrical 
of coal energy energy energy 


The second principle of thermodynamics concerns the quality of the 
energy. It can be expressed as follows: 


In a system that cannot exchange energy with the exterior - 


physicists call it an isolated system - the quality of the 
energy tends to become degraded. 


What do we mean by degradation? We know how easily all non-thermal ae 
of energy can be transformed into heat - even when nothing could suit peters 
Muscles and engines heat up while they produce mechanical energy; ak pee 
heat up at the same time that they give off light. The heat sag fem 
muscle, engine, light bulb is most often unusable, “if not useless. it simpiy 


escapes into the air, ... 


os FD ae 


The concept of efficiency 


While attempts are made to keep these losses to a minimum, it is almost 
impossible to eliminate them altogether. This was first demonstrated by the 
physicist Sadi Carnot who showed that there was an absolute limit to the trans- 

heat into work. He expressed that limit by saying that no machine 


formation of 
can transform heat completely into work. Carnot even calculated the limit: 


In an ideal heat engine, the fraction of the thermal energy that 


oer 


can be transformed into work cannot exceed the limit R = Th’ 


where T is the temperature of the condenser (cold source) and T, the temper- 


the steam (hot source). The temperatures T_ and ‘h are measures on 
e 


ature o 
lsius becomes 


the Kelvin scale (a temperature t expressed in degrees 
T = t + 273 on the Kelvin scale). 


| Carnot's formula is a precise expression of the difference we observe in 
everyday life between heat and other forms of energy: the transformation of 

the other forms into heat is always possible, but the inverse transformations 
can only be partial and are sometimes impossible. It is for this reason that 
heat is considered a degraded form of energy. 
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WORKSHEET: Units of energy and power; efficiency (Worksheet 2) 
Aims and objectives: 


To facilitate access to texts dealin i 
§ with energy without enc i 
° . A ’ umb 
with a jumble of units or exposing them to the risk of confusi ae ae 
—— ing energy with 


Level: II 

Subjects: Physics, chemistry, biology, English (French). 
Materials: 

For consultation: 

- physics textbooks, encyclopaedias 

- various articles on energy. 

Exercises: 


(1) Make a list of all the units of energy or power you encounter in your 
reading. 


(2) Calculate the number of joules and the number of kilocalories correspond- 
ing to the transformation of one kWh of electricity into heat. 


(3) Make a list of equations between all the units of energy defined in this 
worksheet; on the line headed t.o.e. (tonnes of oil equivalent), for 
instance, express the value of 1 t.o.e. in the other units. 


(4) Extend this table with such units as BIU, quad, hp, ev (electronvolt) , 
t.c.e. (tonne of coal equivalent). 


(5) Try to quantify the power of various electrical and other pieces of sucael 
ment (e.g. a gas boiler) and calculate the quantities of energy release 


in a given time. 


(6) Calculate the efficiency of various processes, instruments, engines, --- 


to the fraction of heat that can- 


le sometimes refer to 'Carnot tax' 
cand s of energy to which this tax 


not be transformed into work. Look for form 
applies. 


= Ee 


Projects: 
Prepare a short guide (two or three pages) intended to help your parents and 
members of your community to understand the various entries on their gas 
pills, electricity bills, etc. & 
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SECTION III: HISTORY OF THE UTILIZATION OF ENERGY 


PRESENTATION TEXT 


The age of biological energy 


In prehistoric times and until fairly recent1 
to rely on his own muscles to produce mechanical e 
ing, cooking and fashioning certain materials he 
hundreds of thousands of years ago, 
energy from it. 


y in his history, man had 
nergy. For heating, light- 
admittedly harnessed fire 
but he was quite unable to draw mechanical 


Two milestones marked the ancient period of man's control of enerpv: 
slavery and the domestication of animals. As a result of these, some we 
leged groups enjoyed the use of extra human and animal muscle. Man himself can 
carry loads, pull or push objects too heavy to be carried, use primitive tools 
(sticks, cut stones, bows and arrows, etc.) as extensions of his arms. With 
more elaborate techniques, he was able to work a millstone, a wheel, etc. As 
far as animals were concerned, in the absence of harness their role was 
largely confined to that of beasts of burden. The most ancient types of 
harness (yoke resting on the horns for cattle, yoke resting on the withers for 
donkeys, ...) were not very efficient. Modern types of harness did not make 
their appearance in Europe until fairly late; they came from the East and con- 
tinued to be developed until the eighteenth century. 


The first machines to harness the elements 


Of all the non-biological forms of energy, it was probably wind energy 
that man learned to use first: in the sails of ships. This technique continued 
to be improved until the end of the nineteenth century, which saw the irre- 
versible decline of sail in the face of steam. The windmill made its appear- 
ance much later than the sailing boat, probably at the time of the birth of 
Islam (seventh century); in about the tenth century, its use is documented in 
China and Persia. It did not appear in north-western Europe before the 
eleventh century and continued to be developed until the eighteenth century. 
While windmills were originally confined to the grinding of corn, their appli- 
cations multiplied rapidly: windmills were increasingly used for sawing 
timber, raising water, etc. The motor power of water was first harnessed in 
classical antiquity, but the golden age of the water mill in Europe did not 
start until the eleventh century. In France alone there were 80,000 such mills 
by the end of the seventeenth century; they had a power of some 600,000 KW, 
and could potentially do as much work as six million people. Two centuries 
later, 70,000 of these mills were still in operation. 


The age of fossil fuels 


The exploitation of the traditional sources of energy reached an impasse 
in the late Middle Ages: lack of timber at the end of the sixteenth ae in 
the United Kingdom, saturation use of suitable hydraulic sites (there was an 
competition between the use of waterways for transport and for ee talc 
limited capacity of animal transport (it took hundreds of draught iy sear 
supply some forges with timber), etc. Then, in lee ALG om ae 
steam engine altered this situation radically by making it pase e ae 
heat into mechanical energy and to drive machines. That invention area | 
signal for the first industrial revolution, which culminated in ema 
century with the widespread use of coal in industry and transpor Baise ath 
steamships). The mining of coal experienged a tremendous upsurge 
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i f fossil fuels. For 
was the beginning of the age 0 
ieee. engines was constantly being improved while their 
r cent in the pioneering days to close on 10 per cent 


in the table below; 
decades, the design o 
efficiency rose from | pe 


a century later. 


= 

ube | ok pralineda dod 
Bene 4enen 
bathe P obs |, adosde: Aas | 


1820 1840 IK6D IRRO 1900 1920 1940 1960 1980 2000 


WORLD CONSUMPTION OF FOSSIL FUELS SINCE 1820 
(1 - coal; 2 - coal and oil) 


It was in about 1875 that a spate of new engines appeared: internal com- 
bustion engines, electric motors, water and steam turbines. 


Today, energy-transforming technologies play a major part in industrial- 
ized countries; the use of electricity has spread to all industries, to cer- 
tain forms of transport (railways, tramways) and to all homes (lighting, elec- 
trical household equipment, radio, television). The internal combustion engine 
is undisputed master of motor transport. This development was accompanied by a 
change in the resources used: petrol has largely replaced coal, especially in 
transport; electricity from nuclear power stations may to some extent be used 
as substitutes for fossil fuels. 


The race towards power 


If we plot the power of machines available to man against time, we obtain 
a graphic illustration of the three periods we have distinguished in the 
history of energy (see graph on next page). 


¥ bie following table gives the most important figures for these three 
periods: 


‘ Power of modern engines 
ower of animals (hp) Power of mills (hp) and installations (hp) 


Ass (onager) (period Water mill (17th Newcomen engine: 
of the great empires): 0.2 century): 
Watt's engine: 


Ox Soheasical Fixed windmill Power station: 
antiquity): 0.3 (14th century): 7-8 
Thermal: power 


Horse (collar and Rotating windmill station: 
shoulder harness): ; (18th century): 15 
Nuclear reactor 


(1982): 


=— -, = 


A great many figures can be used to dem 
crossed during the progress from one form of 
striking of all is the steep rise of the curv 
onwards (advent of fossil fuels), which marks 
pace of the past. More remarkable even than t 
power is their amazing rate of growth. 


onstrate the various barriers 
technology to the next. Most 
e from the nineteenth century 
a complete break with the slow 
he extension of the sources of 


-—2000 - 500 1000 1150 =1500 1.700 «3800 1930 1970 
b.'-/ogeyithovis Seale 


DEVELOPMENT OF POWER (in hp) OF CONVERTERS DURING THE LAST 
FOUR MILLENNIA (after Meyer, 1974) 
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WORKSHEET: The history of the utilization of energy (Worksheet 3) 
Aims and objectives: 


Demonstrating the important role of energy in different societies, with the 
help of historical examples. 

Demonstrating that various societies, their techniques and their consumption 
of energy, develop along similar lines. 

Facilitating discussions of possible future alternatives to our current modes 
of energy consumption. 


Level: I and II (Level I will mainly concentrate on the descriptive aspects 


and on simple manual operations. 
Subjects: History, geography, science, art, handicrafts. 


Materials: 


(1) Of the documentary type: encyclopaedias, books on mills, sailing ships, 
steam engines, aircraft, ...; index cards or catalogues of alternative 


materials. 
(2) Of the graphic type: line drawings, paintings, ... 


(3) Of the constructional type: wood, cardboard, metals in various forms, 
screws, D.I.Y. tools, ... (as far as possible, use recycled materials: 
this is an indirect way of saving energy!). 


Exercises: 


(1) Try to make a graph - like the one showing the development of power - of 
mE We reached by man in the course of history (walking, riding, 


(2) Find out what other magnitudes have appeared hand in hand with the use of 
new sources and techniques of energy transformation. 


(3) es sy ee material on various instruments used to harness energy 
ough the ages. Which were historically the most important? 


(4) Mak i 
) i pean instruments or machines that were used to harness energy 
x = - “oO not overlook simple methods which are often more instruc- 
ive than elaborate constructions. 


(5) Ask 
) Sk the oldest members of your community what no longer extant machines 


they used or have i 
: seen in o 
in museums, etc, Peration in the past. Look for such machines 


(6) Highli i i 
mea attitude of given societies to energy at a given period 
portance of energy in the life of these societies and 1t6c 


(jae o i 
C/) try. to imagine future societies and the way they will obtain their 


energy. Discuss (possibly b 
the proposed solutions. y ’y means of role-playing games) the validity of 


= 9: 
Projects: 


Present to your community, in the form of a small exhibition, the energy 'pro- 
file" of a bygone society (choose a clearly defined Seographical and histori- 
cal case). Prepare drawings and if possible one or two models of equipment 
used in that society. 


Organize a role-playing game with pupils in other classes or with adults on 
the subject of the ‘energy future’ of your society. 


Find out if an antiquated machine might not 
today. Draw plans of the machine, and (if pos 
life-size model of it. 


perform a useful service even 
Sible) make a miniature or even 


Choose a relatively simple project based on simple techniques that could bene- 
fit a developing country or a disadvantaged group in your region. To that end, 
make contact with groups or associations already involved in such problems. 
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SECTION IV: ENERGY CHAINS AND THE TRANSPORT OF BERS 


PRESENTATION TEXT 


Energy converters 


i f energy in such a way 
: s to control the different forms o 
eee el energy economically into useful forms. This is precisely 
as 


h nergy converters do: biological converters - mainly green plants - no 
: es os ia artificial converters - water wheels, steam engines, 
es a 


nuclear power stations, etc. 


The transformation of a given quantity of energy E_ from a given source 
(solar radiation, coal or petroleum deposits) into a quantity E of useful 
energy in the form of a particular vector (heat, electricity, petrol, ...) 
capable of satisfying certain needs (nourishment, heating, running a machine, 
etc.) depends on a chain of converters or an energy chain. In general, a chain 
of converters must meet three conditions. These are: 


quantitative compatibility: not everything can be done with any kind of 
energy. That means that the final form of energy must satisfy certain 
needs: nourishment, heating, mechanical work, etc. It is impossible to 
utilize certain natural resources to good effect without special con- 
verters. Thus the heat released by the combustion of coal cannot be 

turned into mechanical energy without a steam engine, and wind energy 
cannot be converted into mechanical energy without sails or a windmill; 


spatial compatibility: a human community needs energy where it lives or 
works, hence the need for transport; 


temporal compatibility: energy requirements are subject to certain time 


constraints: man needs a continuous supply of food but harvests come 
during a brief period of the year; heating requirements are especially 
high during the winter, etc. To achieve this compatibility, storage and 
distribution systems, which themselves use up measurable amounts of 
energy, are needed; in general, this time constraint calls for spare 
storage distribution to meet peak demand and certain contingencies 
(e.g. climatic variations). 


A chain of converters therefore enables us to transform 'untamed' into 
domesticated" energy. All the transformations along the energy chain call for 
an expenditure of energy on building materials, technical and industrial 


Energy transfers 


—— Seete, is localized in certain areas and in specific forms. Water stored 
nd a cam is potential mechanical energy. Chemical energy can be stored in 
ee well or in food ... Nuclear energy is stored in the nuclei of atoms and 
molecules, In enese three examples it is possible to say that 'there is' 
en wherever 'there ig! matter. In general, energy is transported, 
-€. there is a transfer of energy by a material Support, every time there is 
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a displacement of matter in which ener 
reaches the earth by a second fundamen 
ation, which does not involve a materia 


gy is stored. However, 
tal method of transfer, 
1 support. 


(a) Transfer by a material support 


This type of transfer occurs in the case o 
it involves the transmission of motion, i.e. 
form, by a system of pulleys, cogwheels, 
mission by impact, for instance by two o 
energy periodically. 


solar energy 
namely radi- 


f mechanical energy; most often 
of mechanical energy in kinetic 
gears, etc. There is also trans-— 

Y more pendulums exchanging their 


Heat, for its part, can be transferred in two main ways: 
and by convection. 


by conduction 

In conduction, heat travels within a given medium (solid, liquid or gas) 
from a region of high temperature to a region of low temperature; the ie vy 
is propagated by direct contact of molecules which become displaces from aoe 
equilibirum position. The more violently they are agitated, the higher the 
temperature. If the average kinetic energy of the molecules in one region of 
matter is higher than it is in the neighbouring region - which is shown on our 
thermometers by a difference in temperature - the molecules with the greater 
amount of energy transmit some of their energy to the molecules in the lower 
temperature region, and continue to do so until the temperature in both 
regions is identical. 


Convection combines conduction with the movement of a material medium. 
The oscillation of the particles about a mean position is generally superposed 
on the overall movement of matter, with a consequent transfer of energy from 
regions of a higher to regions of a lower temperature. 


Another type of energy transfer involving a material support is that of 
an electric current through a wire. The current is produced by the displace- 
ment of electrons which collide at random with other particles in the wire. 
The collisions give rise to heat: physicists call this the joule effect. 


(b) Transfer without a material support 


In the case of two bodies separated by a vacuum, the transfer of energy 
is effected by radiation. The term radiation is applied to all sorts of 
electro-magnetic wave phenomena (light, infra-red radiation, radio waves, 
etc.) propagated at a velocity of c = 300,000 km/s. The transfer is made by a 


transmitter to a receiver. 


The transport of energy 


The various forms of energy transfer involving a material support are 
exploited by communities that need energy in precise locations: their homes, 
their places of work, etc.(1) This is a fundamental social problem. Thus 
obstacles to the transport of energy (of timber, for example) have for 
millennia been a barrier to development. 


t . 
o serves to ‘transport (transmit) 


————— fal ¢ rt als 
(1) Transfer without a material suppo ue of the word, 


things other than energy in the normal 
e.g. information by sound or picture. 


— 


The problem of the spatial concordance of energy with a gi 
activity has been solved in different ways in the course of A pe ARR 
for example, in the Moslem Mediterranean for ae? 


ing major transport systems, 
to the Middle East (seventh-ninth cen- 


movement of timber from Western Europe 
turies) or of oil from the Middle East to Western Europe (twentieth century) 
y); 


distribution network as for electricity, gas, etc 


To route energy from the deposits or 
lation centres, we need a Noreek eal ena nara eA Pe) Bee foo the al ba 
SEidais:t: «») for conveying the ‘energy-carrying Epic PO (Coit nes, electric 
cast sgbasetiat ty. The network itself often dissipates rat eeihe ages aihe 
i — — ROR? LEqEeOGRTECRS ROLY QUADRRI EE, OF 2 ae 
i ci NED Ee - an energy loss of about one third. In Fr eee yes 
pe ea p ribution of electricity involve a loss of 7- patil age 

otal output: the loss varies with the distance traversed 8 per cent of 
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WORKSHEET: Ener chains and the transport of ener (Worksheet 4) 
gy P gy ee 


Aims and objectives 


To show that in order to obtain ener 
needed, we must set up a 'chain' 
of use. 


To clarify the notions of transfer, transport, 


By at the place and for the purpose it is 
or line from the energy source to the place 


energy vector, 


Levels: I and II (I being restricted to descriptive aspects) 


Subjects: Science, economics and geography, English (French), art 


Materials: 


Documents: partly to be obtained from companies producing and 


selling energy. 


Charts, graphs and other illustrative material. 


Exercises: 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


Make diagrams of various energy transfer chains, viz: 
from one and the same source but for different uses; 
from various sources for one and the same use; 
from one source for one use but by different routes. 


For each stage, describe the technical procedures used as well as the 
conditions, difficulties and constraints. 


With the help of pictures and information collected from magazines, news- 
papers and other sources on the subject of oil, as well as diagrams and 
drawings, prepare a collage showing how oil is extracted in a country 
from which your own obtains its supplies. 


Draw a map of the world showing where oil is found: for each country draw 
a circle of a size proportional to the quantity produced. On your map, 
show the transport routes to your own country. 


Look for documents (including photographs and drawings) depicting ships, 
tankers, loading, unloading and cleaning operations, and accidents that 
have caused oil slicks. 


Sketch the chain of processes leading from crude oil to the petrol we use 
in our cars. What special characteristics make oil an energy resource 
that it is easy to use ... but also easy to waste? 


Which are the chief methods of transporting energy? Make drawings and 


diagrams to represent them. 


Examine the causes of the losses and of the energy expenditure associated 
with these methods of transport. 


Justify the use of high tension cables for the long-distance transport of 


electricity. 


= BA = 


(9) Compare the complexity of different energy chains (e.g. coal, hydro- 
electricity, firewood, .-.) with each other. Also compare two cases of 
the same energy chain under different conditions (say, distance between 
source and place of final use in the case of firewood). 

Are there risks of accidents or of breakdowns along the various energy 


(10) 
chains? Which? Of what type are they? 


Project: 
Prepare an exhibition on the subject of "energy chains'. Bring out clearly the 
fragility of such chains, the accidents that sometimes occur and, above all, 
man's dependence on a system that is both complex and also vulnerable. 
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SECTION V: ENERGY SOURCES AND RESOURCES 


PRESENTATION TEXT 


The different sources of energy 


A source of energy is one capable of su 
sources available to man are diverse. The main 
energy is the Sun, whose radiation can be used di 

irectly: heat 
flat-plate solar collectors or electricity from aap ee 
e 9 


the importance of solar energy is due abov 
@all te: 1 
along several routes: ts indirect contr 


pplying us with energy. The 
renewable and diffuse source of 


ibutions 


a ‘climatic route': wind energy and hydraulic energy; 


a ‘biological route’: photosynthesis which leads to the formation of the 
biomass. This is the source of our energy as heterotrophic living beings 
(food); it is also our source of timber which, in the form of Acie 
supplies the needs of more than 1,000 million people. 


Coal, oil and gas are also obtained from the (fossilized) biomass or from 
products derived from it: they were formed over very long periods of geo- 
logical time and are therefore non-renewable resources. They represent energy 
in a concentrated form. 


Except for some special sites, geothermal energy is a diffuse resource; 
it is renewable because the internal heat of the earth constitutes a consider- 
able reserve of energy based on permanent radioactive phenomena. 


Nuclear fuels such as uranium are ‘burnt’ when nuclear fission takes 
place and they are therefore an exhaustible resource. If it should prove poss- 
ible to use nuclear fusion starting with hydrogen, an element that is abundant 
and would be deployed in quantities quite negligible in comparison with the 
energy produced, this resource would be practically inexhaustible. 


Tidal energy is the only type of energy that depends on inter-planetary 
attraction (gravitational forces). 


The energy of the biomass and its use by man 


Our most important converters are plants containing chlorophyll, a pig- 
ment that allows the capture of energy from sunlight during the first phase of 
photosynthesis. That process culminates in the conversion of molecules of 
carbonic gas present in the air in the proportion of 3:10,000 and of water 
from the soil into sugars (carbohydrates) the basic material from which all 
the components of organic matter eventually derive. In organic matter, energy 
is stored in the form of potential chemical energy corresponding to the 
chemical bond forces. If it is not conserved as such (as it is in timber used 
for construction purposes), the energy can be used in various forms, a ee 
particularly for feeding animals and man and for producing heat by combus 


(mainly wood). 


The mass of matter produced by chlorophyll-containing MADE iy 
be they land plants or plankton in the ocean, is enormous: gee ee 
230,000 million tonnes a year. But the availability of this enorm 


not universal: 
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nt only where there is water (there is very little or no vege- 
it is prese ) | 
tation in the desert); 
i diffuse form of energy, which imposes the need for harvesting and 
tt tea 
a consequent expenditure of energy. 
ther hand, this energy resource can be renewed every year, if care is 
> 
eae to alter the characteristics of the reproductive system. Moreover, 
it me partly storable (e.g. in timber and certain foodstuffs). 
- 


The functioning of natural systems, called ecosystems, which can be 
loosely defined as ‘pieces of nature' (e.g. a given forest a hi angle a 
pond, ...) is ensured by a constant flow of energy through them: in fact, 
animals (called first-order consumers if they are herbivores and second-order 
consumers if they are carnivores) find the energy they need in the chemical 
energy stored by living matter - green plants in the case of herbivores, and 
herbivores in the case of carnivores. In addition, dead or waste organic 
matter - often after first passing through complex chains of other living 
agents - is finally 'burnt up' by bioreducers (micro-organisms which return to 
the environment the mineral elements contained in organic matter). Finally, 
all living beings participate in the release of the energy contained in living 
matter in the form of heat (degraded energy) during respiratory exchanges. 


This flow of energy through the ecosystem also helps to maintain a number 
of bio-geo-chemical cycles: the carbon cycle (starting with carbonic gas in 


the atmosphere), various mineral cycles (nitrogen, phosphorus, potassium, ...) 
and even the water cycle. 


Man uses the biomass essentially to obtain energy in two areas: 

food; 

wood for fuel. 

Nutrition supplies the energy needed to maintain human and animal life: 
respiration, muscular effort, brain functions, ... These energy needs are met 
by the energy values of the foods ingested (once the energy value of excreta 
has been deducted): in an individual with a Steady weight there is a strict 
equality between the expenditure of energy and the intake of food. 

If we remember: 


(1) that the water content of foods contributes no energy; 


(2) that every food is a mixture (in varying proportions) of three types 
of substance: 


sugars (carbohydrates) ; 
nitrogenous Substances concentrated in meat and fish (proteins); 
fats and oils (lipids); 
(3) that man obtains the energy supplied to him as: 
four kilocalories/g (= 16.7 kJ/g) from carbohydrates and proteins; 


nine kilocalories/g (=37.6 kJ/g) from fats, 


Moreover, if we also know the wat 
‘ 2 €r content of a oj 
tive proportions of the three basic constitue Bowah food stuffy anduene rela- 


P nts i : 
easily calculate the calorific value of that re yale Sen aes 


For example, 100 g of wheat (containin 
rest - 90 per cent — being carbohydrates an 
calorific value 


g about? 10 per cent of water, the 
d proteins) will have the following 


90 
100 x Too * 4 = 360 kcal. 


One hundred grammes of lean meat which i 
: 1s about two-thirds 
one-third protein) has a calorific value of MAES? CRBAB 


Mos t00 x 4 = 133 keat- 


Calorific requirements are generally measured indirectly either by the 
quantity of oxygen needed to meet them (by combustion) or by the release of 
heat from the human body. They can also be determined a posteriori by compu- 
tations of the energy value of the amount of food consumed (minus that of the 
excreta) by an adult of constant weight. For an adult doing sedentary work 
the daily calorific requirements is approximately 2,700 kcal. Energy ea ees 
ments vary with body weight, sex, activity, heat and cold ... The basic metab- 
olism corresponding to the minimum essential physiological activity (respir- 
ation, heartbeats, production of body heat, ...) represents an irreducible 
energy expenditure; it is measured in the absence of digestion, thermal regu- 
lation and any other active processes. The basic metabolism is the minimim 
functioning of the human engine. Different activities demand different expen- 
ditures depending on their intensity, viz: 


50 kcal/h for a sedentary life; 
100 kcal/h for a moderate work; 
200 kcal/h for sustained work; 
300 kcal/h for intense work. 


The human engine thus runs on food or, more precisely, on the energy re- 
leased by the chemical bonds in the atoms of the molecules constituting that 
food. It is sometimes said that digestion is the slow combustion of food with 
the help of the oxygen we inhale. If we take the case of a simple food such as 
glucose, that combustion can be expressed by the following formula: 


CH 5% + 60, —- 6 co, + 6H,0 + energy 
This reduction is the inverse of the synthesis performed by green plants, 
which involves the capture of solar energy. Human beings thus use the enere), 
stored in other living things (plants and animals). The reactions involve ae 
gen and take place at body temperature: hence the term slow See aw 3 When 
other organic matter is burned, for instance wood, petrol or COB aa Sear 
reaction takes place but at a violent rate with the production of high tempe 
atures. In both cases, the energy released is derived from the chemical _enerey 
of the atomic bonds. It is said that organic matter represents potentian 


chemical energy. 
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New energies other than the biomass 


i ; they have merely 
: " energies are often anything but new; 
The ie eee ae ae. of the growing need to make energy savings 
geben Sane forms of energies less harmful to the environment than 
= jcc in vogue. They are sometimes called soft energies. 
those 


Solar energy from physical converters 


benefit to man, solar energy must be captured and 

RE: Berges of energy for a specific purpose (a specific 
aan ya When the captors or converters are not living organisms (green 

Sears). other techniques of capturing energy must be used. Part of the sun's 
Saitatton falls in the infra-red region of the spectrum and supplies heat; 

however, that heat is at a relatively low temperature and, because it is dif- 


fuse, has to be collected and concentrated if higher temperatures are to be 
generated. 

The oldest method of using solar energy is found in buildings, where it 
is applied: 


either more or less empirically to increase or reduce certain climatic 
features (so-called bioclimatic architecture, as ancient as the origins 
of house-building, the merits of which are being rediscovered now) ; 


or with the precise aim of using the sun as a source of energy (passive 
solar architecture). 


Such architecture involves a number of fundamental techniques which are com- 
bined in various ways: 


(1) the greenhouse effect, based on the fact that much of the infra-red 
radiation passing through a pane of glass into the interior of an 
inhabitable space is retained in that Space; 


(2) the absorptive power of dark surfaces followed by the transport of 
the captured heat (heat-conducting fluid, warm air heating); 


(3) wall insulation to reduce heat losses; 


(4) the possibility of storing captured heat in various structures: con- 
crete walls, masses of pebbles, water reservoirs; .., 


(5) concentrating Systems, e.g, parabolic mirrors, used as solar 
cookers; ,., 


aes ra transformation of solar radiation into electricity can also be 

eS ches with photo-voltaic cells. They are made of semi-conductors (silicon) 

1 eir efficiency is upward of 20 per cent (considerably better than the 
Per cent of energy retained by the biomass), but their price remains high 


- 89 — 


and the electricity obtained has to be stor 
Panels consisting of fairly large numbers o 
it possible to run isolated television rela 
and may also be used for domestic purposes. 


ea during the hours of darkness. 
Simple photo-voltaic cells make 
y stations, airfield beacons, 


Indirect forms of solar energy ar i 
the energy of wind and water. It a eae cto opp patel 0: BR capenia Sly 
by the movements of masses of air and the water vapour (iil governed in turn 
directly, it is the sun which causes these movements Restle oro Now, in- 
variations in temperature on the surface of the plas rete y by means of 
the cause of the evaporation of water from the Saeed rithegesc is alse 
plant cover (transpiration). Rain water at higher altitudes See : 
towards the sea; this difference in level is exploited in the oe _ f 
dams. The potential energy of the water stored in this way will, when ot 
turn turbines that generate electricity, though the mechanical eae ak we 
can also be harnessed more directly (flour mills, sawmills, ...) The rate 
limitation set to this type of energy is the need for special sites which are 
in fact very small in number. Wind, on the other hand, is universally present 
but that also means that it is a diffuse form of energy and, on top of that 
intermittent. Nevertheless, after man and animal power, it was, as we said 
the first source of mechanical energy to be used, for instance in patting 
and windmills. It meant waiting for just the right moment and though the 
miller was able to sleep, he had to be ready to spring into action at a 
moment's notice. Despite a great many experiments now being conducted, it 
looks as if the construction of vast wind generators with a capacity of 
hundreds or thousands of kW presents a difficult problem and it seems that 
their use will have to be confined to special regions. Small wind pumps to 
draw water for animals in the fields have been used for scores of years, and 
other local and domestic uses cannot be ruled out. 


It is worth reiterating that there is also a passive method of using the 
sun, especially in house construction, a method not based on complicated 
apparatus but simply on architecture of the bioclimatic type (facing of walls, 
citing of windows, ...). This type of architecture, which has very ancient 
empirical antecedents, does not simply rely on a partial capture of solar 
radiation but also tries to provide protection from the cold, from excessive 
heat (intense sunshine) without any expenditure of energy other than that used 
in the manufacture of the building materials. 


Tidal energy 


The mechanism of the tides is complex and a detailed account of changes 
in their amplitude according to time and place would require long explan- 
ations. To simplify matters, we might say that the tides are the result of 
lunar attraction and that they occur periodically depending on the relative 
positions of the moon and the earth. The result is an alternate inflow and 
outflow at the shore twice in each lunar day with a time-lag in some places. 
The amplitudes (difference in sea level at high and low tides) can be con- 
siderable - as much as 18.60 m in the Bay of Fundy, Canada. 


The exploitation of tidal energy is not new. As early as the ae 
century, in the United Kingdom, water mills were driven by the ebb and ‘es fe) 
the tide. The construction of large-scale dams closing off estuaries or eye. 
with large tides has been proposed on several occasions in the recent paskiey 
actual constructions are few and far between. The tidal power as oe ae ic 
Rance estuary near St. Malo, France, is still the only station of pecreig ce 
the whole world: the 24 turbines, each of 10,000 .lcW,, ane tie es i a the 
dam fills at high tide no less than when it empties at low tide, becaus 


= ‘90 = 


irections. Electricity can be generated for 
turbines are able seed «i Atetce a eeeeanta is being generated at a time of 
about four hours rar anew ea is used to pump water back into the reservoir 
low user demand, a e extending the use of this hydraulic potential. More 
behind the can ; co ae been proposed for the same region, notably the closing 
eupe e fous ae St. Michel between the Pte. du Grouin in the west and the 
of the Bay of oe pi north. But this gigantic project, quite apart from its 
Isle of Chausey letely alter the coastal landscape. The expected output of 
ee agteta 25,000 MW, moreover, would provide electricity that does 
etwe ’ $ 


not really seem to be needed at the moment. 


Geothermal energy 


mount of energy is stored right under our feet, as witness 
the <i napa p elie volcanoes. It has been known for a long time that once 
we go down beneath the dozen metres constituting the crust of the earth, we 
reach increasingly high temperatures: there is an increase in temperature of 
1°C for every 30-40 m we go down. This fact was first noted by miners in the 
seventeenth century, but it was not until the 1860s that systematic obser- 
vations of the thermal gradient were first made. The source of this heat is 
magma, a very hot viscous liquid in the earth's crust (which solidifies to 
form igneous rock and is also the seat of nuclear reactions). 


The Romans used thermal springs to heat their baths, and this practice is 
being continued in a number of countries rich in geysers (e.g. Iceland). In 
France, such places as Chaudes-Aigues ('the hot waters') or Dax are providing 
hot water at a temperature of 80°C for domestic use. They are low-energy geo- 
thermal sources: from 1990 onwards, it is hoped to heat close on 500,000 
French homes from these and similar sources. In Melun, a low-rental housing 
estate is already being heated as well as supplied with hot water by this 
method. High temperature deposits (more than 150°C) are generally earmarked 
for the production of electricity. The classic examples are found in 
Lardarello, Tuscany and in the geyser basin in California, where 400 MW of 
electricity is produced by a field of steam extending to over 2,500 hectares. 
Some countries, lacking hot enough sheets of water have Proposed sinking 
"doublets' (two neighbouring wells): one shaft allows injection of cold water, 
which - heated by contact with high-temperature rocks — emerges from the 
Second well shaft in the form of steam. Anyone proposing to use this method 
for long-term projects should, however, bear in mind that the constant 
injection of cold water might reduce the temperature of the deposit locally 
and hence render it useless, 


Nuclear energy 


accidental risks they pose to the environment incite a great many fears. To 
explain the origin of nuclear energy, we have to recapitulate a few ideas 
about the structure of matter, 


If we burn wood or petrol, substances composed of large molecules (many 


atoms of carbon, hydrogen and also, in the case of wood, of oxygen), we 


essentially use the energy of the chemical bonds. But atoms are composed of 
Still smaller particles: 


a ring of electrons; 


a nucleus made up of protons and neutrons, 


om. Oe = 


If we look into the binding ener 


BY of these P 
into the realm of nuclear energ bartisde 


S in the nucleus 
y- Two routes are the » we move 


nN open to us: 


(1) we can 'split" a nucl i 

Lecaatbuped Hiaetaee eus into a large number of particles: this is 
(2) we can 'fuse' two nuclei 

adel eper ar yah iinet gael ceil up of a very small number of particles 

Nuclear fission is largely based on the use of 
neutron hits the nucleus of uranium-235, that nucleus is split i 
smaller nuclei with a release of energy and of two neutrons etnies = i 
two further nuclei and so on: this is called a chain reaction ea — 
leased takes the form of radioactive radiation and the rellesce ee gy 
quantities of heat. If this reaction is not controlled, we have an atom et, 
with all its devastating effects! To produce useful energy, the a ee 
be slowed down and so made to produce a constant and regular flow of secre 
This is done by introducing moderators, which absorb the neutrons, into the 
nuclear fuel to varying depths. A large number of nuclear power staries now 
produce electricity by this means, using various moderators and coolants or 
fuels other than uranium (plutonium). 


uranium-235. If a free 


With thermo-nuclear fusion man is trying to reproduce the sun on earth! 
It is in fact this type of reaction which turns the sun into a gigantic and 
permanent hydrogen reactor which, luckily for us, is 150 million kilometres 
away! Fusion is the combination of light atomic nuclei consisting of just one 
neutron and one proton (e.g. deuterium or heavy hydrogen). The fusion of the 
two deuterium nuclei produces helium with a colossal release of energy. Thus a 
single gram of deuterium will release as much energy as does 2,800 kg of coal. 
But quite a few obstacles still stand in the way of this process. While it is 
not too difficult to obtain heavy hydrogen (one atom in 6,000 of those con- 
tained in water is of this type) or lithium (another substance that can be 
used in fusion), it is extremely difficult to produce the initial conditions 
needed to set off the reaction: 


a temperature of scores of millions of degrees; 


° ° e ° t e ° 
a plasma (a very dense ionized gaseous material) ‘confined inside a very 
intense magnetic field; 


materials compatible with this type of fuel. 


On the other hand, the production of energy by fusion would be clean and would 
not present the problem of having to store the nuclear waste created by 
fission. Thermonuclear fusion would, morever, have the advantage of solving 
the problem of limited energy resources at one stroke. By contrast, the 
nuclear fuels used at present seem to be exhaustible, although the use of 
thorium reactors renders them fairly abundant. Thorium, moreover, 15 less 


dangerous than plutonium. 


ter (m) and energy (E) are two 


: i ished that mat ; 
In 1905, Einstein establishe are quantitatively 


different forms of one and the same thing and that they 
related by an equation involving c, the speed of light. In normal aaa 
reactions which simply involve the binding energies of the atoms, epee: 
energy are to all intents and purposes conserved without any aie ete wom 
In the case of nuclear reactions by contrast, we observe weet nent: 
(m) of the reacting nuclei and the production of ee ss cen ¢ 
Thus 1 g of disintegrated matter can theoretically provide x 
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the energy equivalent of 2,000 tonnes of oil. However, in practice, 


energy, 
ntegration of the matter is always incomplete, so that only a small 


the disi 
part of mass is turned into energy. 


The use of nuclear energy - both for military and peaceful purposes 
b 


notably for the production of electricity by nuclear power stations - raises 
large number of problems and has given rise to animated discussions and t i‘ 
mass protests. It is certainly a landmark in the relationship between eran 


civilization and science and technology. 
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WORKSHEET: Biomass-—derived ener 


gy for food and other uses (Worksheet 5) 


Aims and objectives: 


To show on what theoretical conce 
pts and on what c 
of energy to our organism is based. onerete processes the supply 


To show man's dependence for his very biolo 


notably agro-ecosystems (see also the Worksh 
provider of energy"). 


gical survival on ecosystems, 
eet on “Agriculture: consumer and 
Defining the energy uses of the biomass for purposes other than food 


Levels: I and II 


Subjects: Biology, physics, chemistry, geography, economics, agriculture and 
forestry, composition, art, technical drawing. 


Materials: 
Documents and drawing materials. 


Materials for building models and performing experiments (e.g. pressure cooker 
to demonstrate methanization, ...) 


Exercises: 


(1) Look for various models of atoms and molecules: how are the chemical 
bonds represented in these models? 


(2) Calculate the energy of various foodstuffs from tables giving their water 
content and their composition in terms of the three major types of 
organic constituents: carbohydrates, proteins and fats. 


(3) Does an examination of the chemical formulae of different kinds of 
organic matter tell us anything about their calorific value? 


(4) Try to convey in simple words (as you might use for pupils younger than 
yourself or at a public meeting) some idea of the operation of the human 
‘machine’. Can ideas like 'fuel', 'slow combustion’, "oxidant', 
"efficiency' be employed usefully in this context? 


(5) Find, mainly in books on ecology, representations of the energy flow of 
various types of ecosystem in which the different subdivisions of the 
energy flow are quantified. 


(6) For one of these, try to determine the efficiency of the various compon- 
ents of the ecosystem, notably: 


the luminous energy of the sun I 
energy stored by primary producers Il 
energy stored by first-level consumers II! 

IV 


energy stored by second-level consumers 


What are the ratios II:I, III:II, LV 21% 


alba 


ferred by one hectare of 

le: find out how much water is trans 

= eee compare the amount of energy needed to vaporize this amount 
aes with the total quantity of energy supplied by the sun to the 
oaue area during the growing period and the amount of solar energy stored 


in the organic matter of green plants. 


Projects: 


Write a very simple leaflet on a balanced diet and its importance to individ- 


uals (according to age, sex, work, etc.). 
Make montages and models to depict different ways of using the energy of the 
biomass. 


State the part played by the biomass in energy consumption in your country. 
Could this part be increased? Does this use of the biomass have drawbacks (de- 


forestation, erosion)? Make a display (in the form of a pamphlet or of exhi- 
bition panels) to alert your community to these problems, stressing locally 


important aspects: 


the need for increased use of the biomass or, on the contrary, for re- 
straint in its use; 


the effects of such use; competition with other uses, ... 


Devise concrete projects to implement your conclusions: e.g. planting trees, 
recovery of agricultural waste, ... 
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WORKSHEET: New energies other than the biomass (Worksheet 6) 
Aims and objectives 


To familiarize pupils with the principle 
S on 
new energies is based. P on which the use of the so-called 


To assess the justification of describing such energies as 'new' 
To demonstrate the possibilities and limitations of the 


energy and to encourage a critical approach. Se ways of supplying 


Levels: I«and; II 


Subjects: Science, geography, history, economics, compositio 
i ; . n, dram = 
nical drawing, art, handicrafts. : a, tech 


Materials: documents; drawing and D.I.Y. materials, salvaged articles 


Exercises: 
(1) In connection with the use of solar energy converters: 


make a table of the various physical methods of converting solar 
energy; 


discuss the different physical methods of capturing solar energy. 
Look at the literature issued by various companies and try to judge 
the effectiveness of the equipment offered for sale; 


draw up plans or, better still, make models or, best of all, con- 
struct an actual device for the utilization of solar energy. 


(2) Write a summary of the present or past (tide mills) use of the energy 
provided by the tides: 


calculate the attraction between the earth and the moon, having 
first established their mass and the distance between them. What is 
the mass of the water present on earth and what proportion is con- 
tained in the oceans and the largest inland seas respectively? 
Explain the difference in height of the tide in different places; 


do some research on the location of existing or projected tidal 
power stations. In France, for example, the production of elec- 
tricity by the Rance estuary Station has been programmed to take 
account of tidal fluctuations as well as the daily and seasonal peak 
periods of demand (see literature published by Electricite de 
France); try to understand the procedure used. Try to devise an 
optimization programme that could be fed into a computer. 


(3) Look for documents on geothermal energy, i.e. on: 
the inner 'fire' of the earth; 
natural sources of heat: volcanoes, hot springs; --- 


actual methods used to exploit the heat of the earth (where, 


hos. + ae 1) 


~ 36 = 
Make a survey of urban heating projects based on geothermal energy. 


Why is geothermal heating particularly economical indensely populated 


areas? 
Consult a map of zones of intense volcanic activity. Why can the energy 


of volcanoes not be tapped? 


(4) Is wind energy a new form of energy? Study the technical changes in the 
equipment that makes it possible, or has made it possible, to use wind 
energy. What are the characteristics of this type of energy? What might 


its future be? 


(5) Other 'new' energies are the subject of more or less ; 
production of hydrogen by different methods; Guetineeniaanania. eden 
ocean waves, of the difference in temperature between surface sea- ctee 
and deep sea-water, of osmosis in salt and in fresh water — water 
documents on these subjects in an attempt to gain a rounded = onsult 


Projects: 


Prepare an exhibition for your communit 
y, bringing home th 
so-called new energies, with the help of models, eo i Til ake a 
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WORKSHEET: Nuclear energy: hopes and fears (Worksheet 7) 
Aims and objectives: 


To define the theoretical bases of nuclear energy production 


To show that the choice of nuclear energy rests on 


technical inf ‘ 
well as on the acceptance of certain risks. BSC ERAT CON. G8 


To demonstrate the difficulty of an objective assessment of the risks 


To familiarize pupils with some of the complex topical discussions and hence 


to demonstrate that value judgements are involved at every stage of the 
argument. 


To bring out the long-term consequences of present-day actions and our obli- 
gations to future generations. 


Leweks; LE 


Subjects: Physics, biology, geography, economics. 


Materials: Press cuttings, documents released by energy-producing bodies, 
books, reports of political debates, ... 


Exercises: 
(1) Examine the theoretical bases of nuclear energy production; to that end: 


look at nuclear reaction formulae; examine the implications of the 
relationship between mass and energy. How much fuel does a nuclear 
power station need in theory to produce a certain amount of energy? 


go over the calculation showing that one gram of matter corresponds 
to 9 =x 10 joules of energy, the energy equivalent of over 2,000 
tonnes of oil; 


the combustion of 2 g of hydrogen, which requires 16 g of oxygen, 
produces 69 kcal. Calculate the loss of mass as a result of this 
reaction. What do you think of the result? 


(2) Sum up the possibilities of energy production by nuclear fusion. Study 
documents explaining the technical processes involved in nuclear fusion. 
Apart from the technical problems, are there also problems of economic 


viability? 


(3) Collect data on the principle of harnessing nuclear fission energy > we 
availability of the resource (uranium) and its renewability, the tec 
niques used and their difficulty, the economic aspects, the effects on 
health, the risks, the problem of waste, the choice of sites for power 


stations, ... 
(4) Imagine a discussion about nuclear power stations that will: 
clearly set out the arguments for and against; 


centre the arguments: on the economic issues 
: on the risk issue; 


(5) 


ee 
lyse the justification of a decision in favour or against; 
analy 


indisputable consequences 


mine the: 
i more hypothetical consequences 


of acceptance or rejection. 


i i le-playing form: the 
i sion in the classroom could take a ro 
eae might help to bring out the various attitudes: 


(a) Worker: 'It gives me a good living ... I don't know if I'd find 


another job. Obviously, it may be dangerous but I get well paid.' 


(b) Ecologist: ‘Nothing can justify the risks that these power stations 


(c) 


(d) 


(e) 


pose: even if the risk of an accident were minimal and of a serious 
accident mathematically impossible, you can't escape the fact that 
the reactors produce such waste products as strontium-90 and 
caesium-137, which remain radioactive for at least 30 years, and 
other waste products with an even longer life that no one knows what 
to do with. At present this waste is being stored in the hope that 
some method will eventually be found of getting rid of it for 


' 


good ... 


Local inhabitant: .., "They say radioactivity is very high round the 
power stations ... that the result may be cancer and malformations. 


According to that study, radioactivity in plankton has been in- 
creased 2,000 times, in insect larvae 350,000 times and in birds, 
which eat lots of these larvae, 500,000 times. I am very afraid, 


Government spokesman: "Nuclear power, though it still needs some 
research, nevertheless gives us grounds to hope that, in case of an 


isfy 80 per cent of our demand for electricity with nuclear power, 
that is 25 per cent of our total energy requirements. Nuclear energy 
is a necessity. What with the exhaustion of hydrocarbons and the 
failure to develop other forms of new energies fast enough, nuclear 
Power is an interim source of energy that is essential for the next 
50 years or go if we are to meet the needs of industrialized 
countries ... In the year 2000, the industrial world will have a 


Consumer anxious fo preserve his standard of living: '... Weal 1 (a 
ror ‘nuclear power. T know it involves sete ae especially for 
those who work in the industry, and Problems of transporting and 

Storing radioactive waste. But if I am to be asked to choose between 


Paz a. my energy consumption to about a quarter and using energy 
rom nuclear Stations, I'd go for nuclear energy. I don't know how 
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I'd live with so little energy ... No car, 
the household gadgets I use every day, 
telly, radtow.:..It would be like war-time, or "the good old days". 
Perhaps it would be a return to a he 


althier, happier life but I 
don't know. Right now, I prefer to maintain my standard of 
iwing: evr! 


no record-player, none of 
not to speak of my stereo, 


(f) An historian with an interest in futurology: 
figures. I remember two in particular from my 
reactor provides energy for some 20 years but 
years before the nuclear waste loses its radi 
Julius Caesar had built nuclear power Stations, we should still be 
waiting for the waste to cool down. What a gift to leave our grand- 
children, great-grandchildren and subsequent generations! Aren't we 
handing them a poisoned chalice?' 


"I am interested in 
reading. A nuclear 
it will take 2,000 
Oactivity. So, if 


Projects: 


Base this project on communication with adults in two Ways: 
mount an exhibition summarizing your work; 


organize a debate (with or without a previous exhibition) which might 
take the form of a role-playing exercise, some of the roles being real; 
to that end try to enlist the help of a journalist, a politician, a 
nuclear energy technician, ... 


Use what you have learned during this exercise in a discussion on the links 
between science and society (in a civics class, for example). 
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SECTION VI: THE PRODUCTION OF ENERGY 


PRESENTATION TEXT 
ined in forms appropriate to 
ifferent sources must be obtaine 
Se. Pe to be put. That is why there is an "‘energy-producing' 
ae tel supplies us with commercial forms of energy, i.e. with 
anes > carrying the energy to where it is needed. These vectors convey: 
Vv 


mechanical energy; 
electrical energy (which can be transformed into light and mechanical 


energy and heat); 


heat or lack of heat (cold). 


The production of mechanical energy 


In general, to convert potential energy into mechanical energy, we need 
the intervention of heat. However, there are exceptions. Thus hydraulic energy 
can be transformed directly into useful mechanical energy, as indeed it has 
been for a very long time. Oddly enough, the rise of the steam engine did not 
immediately lead to the disappearance of water mills, so characteristic of 
industrial life in the Middle Ages. On the contrary, the water-wheel gave rise 
to a host of inventions and improvements that culminated in the turbine. One 
of the first (hydraulic) turbines developed by Fourneyron (1828) had an output 
of 50 hp, which was considerably greater than that of the old mill-wheels. 
Half a century later, in 1884, Parsons introduced the first steam-driven tur- 
bine in the United Kingdom; it was capable of direct rotation and obviated the 
use of cranks and connecting rods. 


All in all, however, a new era opened with the advent of the steam 
engine. Its time is now practically over: nowadays piston-driving steam 
engines are hardly ever seen, their use having been eclipsed by electrical 
motors and internal combustion engines. All the same, the steam engine paved 


the tube. In 1698, Savery used this principle to build an engine that could 
pump water out from flooded mines. After various other attempts (Huygens, 
Papin, Newcomen), it was left to the young Scots engineer Watt, in partnership 
with the industrialist Matthew Boulton, to construct the first modern steam 
engine with a number of refinements (condenser, double-effect engine, regu- 
lator). Between 1775, the date when they began to Operate their first two 
engines, and 1800, Watt and Boulton built more than 500 engines, each with an 
output of a few dozen horse power. Most of the engines used until the end of 
the nineteenth century were derived from those originally built by Watt. 


In our day, the Steam engine has been almost completely ousted by the 
Feige combustion engine. In 1876, after many eFiade kne artes, Nikolaus 
tto built the first really efficient four-stroke engine; it was exhibited at 
the Paris Universal Exhibition in 1888. By about 1900, all the main types of 

bee combustion engine had been invented. Their subsequent development 
Inged on their various applications, especially in the transport field. The 


A 
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irresistible rise of petroleum products is 1 
combustion engines. More recently, turbo-j 

’ evets have co i 
aviation, largely replacing the more traditional at aa, ae, ee 
Space and military scientists, for their part, 
propelled by the thrust of gases generated by 
fuels as hydrogen or various mixtures of petrol 


argely linked to that of internal 


based engines. 
have developed rockets that are 
the rapid combustion of such 
eum products. 


Be ete tical cettag | clot ee, ee aetgtthods 

: : century, following Volta's 
discovery of the electric battery and the electric current in 1800 and th 
subsequent discovery by Ampére, Faraday and others of the magnetic effect = 
an electric current. The industrial exploitation of electricity was not x: : 
until the last quarter of the nineteenth century. im 

Electricity is not available to us ready-made, as are wood, oil or solar 

energy. Electricity must, in fact, be culled from some primary source of 
energy: the chemical energy of coal, the potential energy of water stowed 
behind a dam, solar radiation, etc. Moreover, a machine or engine must be 
built to generate electricity from these sources. The best-known of these 
machines uses kinetic energy as an intermediary; they work on the principle 
that electricity is produced whenever an electric circuit moves in a fixed 
magnetic field or whenever a stationary electrical circle is placed in a 
variable magnetic field. A device working on this principle and converting 
mechanical energy into electrical energy is called an alternator. All that 
needs to be done is to rotate the alternator. 


On the industrial scale, electricity is usually generated in power 
stations, classified according to the primary source used: we speak of hydro- 
electric, thermal and nuclear power stations. All these power stations have 
three sets of converters in series: 


a first converter which transforms the primary energy into mechanical 
energy; for example: 


boiler + steam turbine in a thermal power station; 


head of water + turbine in a hydroelectric power station; 


propeller in a wind generator, etc. ..-; 


a second converter, which is the same in all types of power station: an 
alternator which converts the mechanical energy from the first converter 
into electrical energy. An alternator produces magnetic energy and the 
main engineering problem is to devise methods of transforming that energy 
into electricity without losses. After many trials and errors, Zénobe 
Gramme, a Belgian who had settled in France, produced the first really 
efficient dynamo in 1870. His device, presented to the Académie des : 
Sciences in 1871, quickly attracted the attention of industrialists an 
at the Universal Exhibition held in Vienna in 1873, it was displayed to 


the public at large; 


‘ i the 
a third converter, the transformer, helps to raise the eee es 
electricity generated so as to minimize losses from transmission : 
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Converter 
1 


Initial 
energy 


Type of power 
station 


Source 


Fossil energy | Chemical 
(coal, ail, potential 


gas) 


Nuclear Uranium 


Hydroelectric |Stored water | Gravitational 
potential 


Solar oo Radiation 
Wind Kinetic Propeller 


Boiler + 
turbine 


Reactor + 
turbine 


Nuclear 
potential 


Head of water 
+ hydraulic 
turbine 


Solar boiler 
+ turbine 


Geothermal Geothermal Thermal Heat 
energy potential exchanger + 
turbine 
Turbine Head of water Elecivo - 


Or Stim wnder pressure 


Tramsrrassion sha 


Converter Converter 
2 3 


Alternator Transformer 


- 103 - 


In an electric power station, the ma 

transforms mechanical into electrical ee reasethen are cne Sreeeh neg eae 
on which it works. With the help of a turbine and a ceeaenanen the principle 
kinetic energy of a head of water or of steam under e2eeauhats, on shaft, the 

a loop of wires in a magnetic field so as to induce an elect me aia.le ane 
loop. The current is then collected by means of Hacionse Np gel a 
(known as slip rings). In industrial generators, the hoon a contact rings 

of wire. Electric motors are the opposite of generators: th pa Meyer cee 
trical energy into mechanical energy. ‘ae ea one Orn elec 


Before putting them i 
engineers had first to solve the same problems they had had 63 ete een 


case of generators. In 1873, Hyppolyte Fontaine built 

a ht -t the first el i 
worthy of the name by joining two identical Gramme machines, Werte 
on, there has been a veritable explosion in the use of electricity, stimulated 
by its vast number of applications (tramways in 1880, Swann and Edison's in- 


seeegendin light bulbs in 1878, shunt windings introduced by Siemens in 1880 
eee. ys. ? 


The problem of transporting electrical energy has presented itself in 
different forms at different historical periods. The first power stations were 
not capable of supplying more than a small network of consumers. Two new ele- 
ments changed that situation completely: 


the discovery that the efficiency of power stations increases with size; 


the harnessing of hydroelectricity which led to the development of gener- 
ating units a long distance away from the centres of consumption. 


The best solution to the problem of losses during transmission was to increase 
the voltage very considerably. The decisive step in this direction was taken 
in 1884 when Gaulard succeeded in transmitting an alternating current from the 
exhibition grounds in Turin to Lanzo railway station, a distance of 37 kn. 
This system became commercially viable a year later with the development of a 
modern transformer. Since then, technical progress has been reflected in ever- 
increasing output. In France, 225 kV transmission was standardized after the 
Second World War; subsequently that figure was increased to 380 kV and more 
recently it has been proposed to introduce 735 kV tranmission lines. The long- 
distance transport of electricity makes possible the use of grids that skil- 
fully combine the advantages of central and local regulation. All in all, the 
French electricity network now links 3,000 generators to some 23 million 
consumers. 


At present, the generation of electricity is still based on fossil fuel 
resources; the proportion of hydroelectric power stations varies from country 
to country and some major projects in this field are being introduced or are 
still at the planning stage. The use of nuclear reactors is also highly 
advanced in some countries (France, United Kingdom, Japan, USSR, United 


States, etc.). 

In the longer term, there are hopes of using nuclear fusion apalices : 
magneto-hydro-dynamic method (MHD), which allows the direct a yo 
heat into electricity. When a loop of wire forming a circuit is displaced in 


the air gap of a magnet, a current begins to flow in the circuit: this ai 
principle of the classic generators which transform mechanical energy 1 
generators, the metallic circuit is 


electrical are based. In the case of MHD 

replaced with a jet of gas that is a good conductor of pr age od - 
result an electric current is set up in the jet. The next i op aiatbOe 
develop a power station whose main component is a spherical combus 
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is immediately burned at a high temper— 
into which hot air ang 9 Suge ABE el product, the atoms nf mich are seni 
arr ean AES Surrgauee 3 is then ionized; the resulting ‘plasma' is aeg 
of peripheral FLEGEESRE +3 “eee between the poles of an electro-magnet. 
SBROHAP 28. R928) 8 = is generated and collected by electrodes on either side 
Guarent 2f Fiehe Feoat | is hoped that this method will make it possible to 
of Vise te RSE into electricity with an efficiency of 60 per cent, 

5 a ee than that of classic thermal power stations. 

that is, 


Producing heat and cold 


i hod of producing energy in 
i the most classic and ancient met 
h cig Moo hg is an exothermic chemical reaction (one that surrenders 
a to the outside) and can be expressed by the following formula: 


Combustion + oxidant —————-+ reaction products + heat 


. This reaction generally takes place in the open air and at a constant 
pressure close to that of the atmosphere. The fumes that escape from a fire- 
place contain uncondensed steam, which reduces the total heat theoretically 
obtainable from a given quantity of matter. The result is known as the net 


calorific value. 


Petroleum 
Methane (gas) 
Vegetable oils 


Coal 

Ethanol 
Hydrogen (gas) 
Dry wood 
Straw 


City waste 
Bituminous schists 


Net calorific values of various fuels 


Refrigerators work on the same principle. According to the second law of 
thermodynamics, heat tends to Pass spontaneously from high temperature Systems 
to systems at a lower temperature. The refrigerator and the heat pump, on the 
other hand, makes the Calories of a 'colder' System pass to the 'hotter', 
thanks to the motors that supply them with energy. These motors work with a 
fluid, generally Freon, which goes through a cycle of changes of State: 


temperature T , The motor has endowed the heat-conducting fluid with a posi- 
tive amount of work, namely: 
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In practice, various physical transformation 
refrigeration (compression, absorption, 
common systems are based on compression. Th 
box whose inside temperature oO . 4°C) bap, Wb iae thee, "hat gneve sees 
temperature (approximately 20°C). The compressor, which runs 2s 1 ees 
(but can also be run on gas or oil) draws in the fluid heated vith chico 
abstracted from the surroundings of the refrigerator and compre 4 ae 
compressed fluid passes into the condenser - generally a oft piers Ee dhe 
yields up its heat to the exterior, expands and reaches the erm pre tl eo 
low temperature (a few degrees). Here it once more collects heat from th : 
surroundings of the refrigerator. 5 


s of fluids can be used for 
thermoelectric effect, etc.). The most 


A heat pump works on similar principles though it abstracts calories from 
a cold source (e.g. river water, atmospheric, air, ...) and uses them to heat 
buildings, to produce hot water, etc. The interesting feature of the heat pump 
is that it absorbs calories from the cold source that are unusable in the 
original state and conveys them to a hot source (e.g. a building), raising its 
temperature. 


The efficiency E_ of a refrigerator is defined as the ratio of the number 
of calories Q pumped into the cold source to the energy W used up by the 
compressor 


The efficiency of a heat pump is the ratio of the number of calories Q 
supplied to the hot source to the energy consumed by the compressor 
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WORKSHEET: The production of energy (Worksheet 8) 
Aims and objectives: 


To show why the energy produced from basic energy sources must be transformed 
o show 


' 
into energy ‘vectors. 


To distinguish the various forms of energy at their point of use. 


Level: II 


Subjects: Science, geography, economics. 


Materials: Of the usual type, particularly documents; a discarded car alter- 
nator or bicycle dynamo; small D.I.Y. items and salvaged material. 


Exercises: 


(1) 
(2) 
(3) 
(4) 


(5) 


(6) 
(7) 


(8) 


(9) 


(10) 


What combinations of methods are used to propel a jet aircraft? Rockets? 
Will the new engines transform traditional engines radically? 


What is the principle of energy conversion used in a weight-driven clock? 
Can it be called a motor? 


Find out the efficiency of electric motors and various diesel and petrol 
engines. 


Make a list of various sources and forms of energy and show how mechan- 
ical energy can be obtained from each. 


Make a diagram showing the underlying principles of different types of 
power station, e.g. (nuclear or thermal). Base your diagram on the basic 
layout (page 102) of a hydro-electric power station. 


Dismantle an old dynamo and try to identify the elements of this mini- 
Power station. 


Draw the entire energy chain culminating in the production of light ina 
bicycle lamp. 


Discover the 'structure' of electricity production in your country: 
sources (local and imported Products); 
Sites and modes of Production; 
distribution and losses in the grid; 
forms of consumption; 


consumer sectors, 


Compare electricity with othe 
Yr ener vectors i : 
simplicity of use, danger, price ad » BE ReaP* “PAREPOTEs 
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(11) What is fire? 


(12) Show that, in certain cases, the quantity of heat obtained is less 
important than the level of heat (high temperature). 

(13) How does your refrigerator work? Can you cool a room by leaving the door 
of a refrigerator open? 

(14) Why is it better to use a heat pump than rely on the joule effect to heat 
an apartment with the aid of an electric current? 


(15) Can you write a formula covering the operation of an air conditioner 
similar to those we have given for a refrigerator and a heat pump? 


(16) Could you produce models of different instruments facilitating the pro- 
duction of cold? Starting from theoretical principles, can you predict 
the main technical difficulties you will encounter? 


Project: 


Prepare a permanent school exhibit that will eventually become a teaching aid 
on methods of energy production. Try to make as many miniature working models 
as possible; failing that, prepare panels with diagrams explaining the oper- 
ation of the various pieces of equipment and with clear illustrations 
(photographs, ...). 
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SECTION VII: THE CONSUMPTION OF ENERGY 


PRESENTATION TEXT 


Energy consumption in the home 


: i oncerned with domestic energy consumption 
As oe ie we pe vets to pay for the various vectors by which 
because of t et ed to our homes. Electricity, gas (piped or bottled), heating 
ata a a ae) coal, wood and even electric batteries are the main 
ae Sees ae Sousecte sector. It will be noted that they all present the 
geen storage problems, except for mains electricity and gas. 
Everyone is familiar with the use of these different forms of energy 


which help us: 
to heat our homes (the biggest expense); 
to cook our food; 


to produce hot water (for baths, washing clothes, washing up, washing 
floors) ; 


to light our homes; 
to run our televisions and radios; 
to run a large number of stationary machines, including: 


household appliances (refrigerator, freezer, mixer, grinder, mincer, 
washing machine, dish-washer, vacuum cleaner, ...); 


audio-visual equipment: slide and cine-projectors (ventilation), 
hi-fi systems, turntables, tape recorders, ...; 


ventilation or air conditioning equipment: kitchen hods, extractor 
fans; hot air circulators, heat pumps. 


But measuring our domestic energy consumption by our bills alone will not 
help us to form an Overall picture; to determine our full personal impact on 
energy resources, we need to know: 


= energy needed for all the manufacturing chains that have culminated 
n the objects we own: housing, furniture, gadgets, etc. Divided by the 
Number of years that such objects and materials last, their total energy 


-0109«— 


When it comes to the architectural desi 
country planning, even quite small suppleme 
instance on better insulation) can greatly i 
unfortunately, it is not always possible to 
the time of construction. 


gn of our homes and to town and 
ntary energy investments (for 


mprove the energy balance sheet; 
Procure the additional finance at 


Energy in agriculture 


If we ask a farmer about hi ‘ ' 
ishines is energy expenditure, he will start off by 
thelr ‘fuel.for his! .tractor, 


for his hay-drying equi 
machinery, ...3 ying equipment and other 


electricity for lighting his farm buildings and for running various 
pieces of farm equipment (milking machines, washing machines 5 Me 
9 eee 9 


oil, gas and wood for heating farm buildings and boiling mash for the 
Livestock, ..% 


This expenditure represents the direct energy consumption in the farmyard, in 
the fields and in some forms of transport. But there is also a hidden consump- 
tion representing what was needed to manufacture the materials used and to 
produce or procure fertilizers: this is indirect consumption. In 1973, David 
Pimentel and his students calculated the total amount of energy needed for the 
cultivation of maize in the United States. His results showed that whereas in 
1945 a unit of energy (1 kilocalorie) yielded the energy equivalent of 
3.70 kilocalories, that figure had dropped to 2.82 in 1970. That does not mean 
the yield or the quantity of maize produced in the United States has dimin- 
ished (the contrary is the case), but simply that the modernization of agri- 
culture swallows up increasing amounts of energy and that new energy invest- 
ments in this field become less and less economical on the energy level. 
Besides food, which is essential to our survival as living beings - as bio- 
logical 'machines' - farms also produce large quantities of organic matter in 
the form of waste products: unharvested or unused parts of plants, unwanted 
animal by-products. This agricultural waste can be used to produce energy in 
different ways: by combustion (straw boiler), by gasification and by methan- 
ization (production of gas from dung). This is yet another way of using the 
solar energy stored in the organic matter constituting the living world. 


Energy in industry 


All the industrial products we use have consumed energy in the course of 
their manufacture. The energy invested in them clearly depends on a number of 
parameters: raw materials, technology, distance between the point of prO— 
duction and the point of consumption ...- However, studies covering large 
numbers of industrial sectors enable us to tell with a fair degree of accuracy 
what energy investments are needed for the most common industrial products or 
consumer goods, at least in the industrialized countries. Here are Bone 
examples (all expressed as tonnes of oil equivalent per tonne of product): 
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Industrial products 


Aluminium from 4.9 to 6.7 t.o 
Copper from 0.9 to 1.3 t,.0.e.7t 
from 0.7 to 1.0 t.o 


Steel 


Cement 0.dA t.61e2/T 
Building Glazing 0.50 t.o.e./T 
materials Wood from 0.05 to 0.15 tose./T 


Nitrates 
Phosphates 
Potassium 


Fertilizers 


Motor car (1 tonne) 


Washing machine 


Consumer goods 


1.5 to 2.0 t.o.e. 


1.7 to 2.0 t.o.e. 
depending on type 


0.22 to 0.35 t.o.e./t 


It should be noted that, for about a decade, great efforts have been made to 
reduce the quantities of energy spent on unit product. These efforts have also 
resulted in an appreciable reduction of energy per unit of Gross Domestic 
Product. According to various studies (Report of the French Planning Conm- 
oo Leach's Study in the United Kingdom, that of the Oko Group in the 
-.., Republic of Germany), it should be possible to save a further 
seein per cent of the primary energy requirements of industry from now 
the end of the century, depending on the sector concerned, 


Ener in transport 
Waterways and roads 


of its difficulties, is ess 


linki : 
ce epremg etc. The most common means of transport, after human 
' ~ Sects of Durden, equipped with pack-saddles. Carts, which 


ae 


made their appearance after the invention 

of the wheel j ; 
1600 BC, could not at first take heavy loads. The favention ee in about 
of the shoulder-collar and later the improvem ne Popularization 


: ent of roads ma 
gradually easier, but all the same, water transport Speer beeeni binge: transport 
whenever possible. That is because it uses up very little energy phir ia: 
; s shown 


in the following table of the tractive power of horses: 


Pack horse 0.125 tonnes 


0.625 tonnes 


Horse harnessed to a cart 


tonnes 


a river tonnes 


Horse towing a barge 


a canal tonnes 


Steam engines and railways would, of course, alter this situation. During 
the period of revolutionary change they ushered in, the cost of transport fell 
by 40 per cent. After the nineteenth century, which was considered the age of 
the railway, came the twentieth, the age of motor and air transport, which 
once again transformed the displacement of men and goods. 


A plurality of transport systems 


The spread and development of transport networks has been extremely un- 
even in different parts of the world. In industrialized countries, road trans- 
port is generally the most important form despite its disadvantages: city con- 
gestion, atmospheric pollution and, above all, poor energy efficiency compared 
with rail transport, as is shown by the following table: 


Means of Km traversed per Number of Passengers x km/litre 
transport litre of fuel passengers of fuel 


Motor car 


| wotor oe 
set ane 


Electric train 


(a) Urban cycle. 
(b) Mean consumption by air lines in 1980. 


= J12°- 


Energy efficiency of various means of transport 


Unlike us, most Indians, Chinese and Africans still rely largely on their 
own muscular energy to move about. In rural areas of many Third World 
countries, porterage is still the most common means of transport, often at a 
painful cost in physical effort. When animals replace man, especially for 
traction, they often do so with a low efficiency, because of badly designed 


harness and the poor state of the roads. 


Generally speaking, speed is a luxury which only industrialized countrie 
can afford, and energy for transport is one of the least equitably shared c . 
modities in the world. Americans use up as much energy for their pers - 
transport as India and China combined consume for all purposes! oi ext a 


13. - 
WORKSHEET: Energy in the home (Worksheet 9) 
Aims and objectives: 
Discovering the importance of energy in everyday domestic life. 


Identifying the types of energy used in everyda 


source of energy: food). y life (excluding the basic 


Levels: I and II 

Subjects: Science, geography, economics, art. 

Materials: 

Paper for taking notes and making drawings. 

Dictionaries, encyclopaedias, reference works on energy. 

Illustrated magazines and mail order catalogues for clippings. 

Exercises: 

(1) Make a plan of your appartment or house; colour it as follows: 
red: for everything that consumes energy; 
orange: for everything that stores or conducts energy; 
yellow: for everything that needs energy in its manufacture; 


green: for everything that needs solar energy converted by green 
plants. 


(2) Make a strip cartoon illustrating your day from the time you get up in 
the morning. Include every occasion you use energy. 


(3) Review the types of energy (vectors) used in your home. For what purposes 
are they used? In what forms? 


(4) Estimate your domestic energy consumption 


by looking at the power rating of the equipment you use and the 
length of time you use it; 


by examining the invoices for the various energy vectors brought 
into your home (electricity, gas, coal, fuel, oil, wood, ..-)3 


by using a single unit of measurement: e.g. the kilocalorie. 
(5) Think about how you would set about determining your indirect domestic 
consumption of energy. 
(6) How does energy reach you? 


9 
(7) What are the initial sources from which the energy you use is derived? 


Je = 


i h without electricity. 
day without electricity. Imagine a mont 
om byte chat wont you try to replace this form of energy in its various 
uses? (Draw strip cartoons to illustrate such situations) 


How would you make savings in energy in the home? 


(9) 
Project: 


Prepare an exhibition for your parents and members of your community on the 
use of energy in the home; this could include the following: 


(1) a map of your district (or, if necessary, of a wider region), show- 
ing how the energy you use is produced (e.g. hydro-electric power 
station) and by what means it is brought to your home (electric 


eablees, ...)3 


(2) a plan of your house, marking all the locations in which energy is 
used (e.g. electric points, gas outlets, etc.), the equipment used, 


the function of each item, etc.; 
(3) Explain how energy savings can be made in the home; 


(4) describe alternatives for certain uses of energy. 
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WORKSHEET: Energy outside the home: the build 
Gieatchcce 10) ing and manufacturin industries 


Aims and objectives: 


Reviewing the principal ways of using energy other than f 
consumption. To that end, make a special study of the bui 
town, and compare your results with those obtaining in ind 


or direct domestic 
lding industry in a 
ustry at large. 


Bringing out what types of energy consumption in a 


ive 
individual, if only indirectly. given society affect the 


Drawing attention to possible alternative ways of obtaining energy from 
sources other than those most in use at present and likely to be exhausted 


Levels: I and ITI 


Subjects: General subjects, geography, economics, art. 
Materials: Normal classroom and drawing materials; documents. 


Exercises: 


(1) Make a very large map of your district or village; make very simple black 
line drawings of everything in it (leaving out people). 


(2) Colour in red everything that needs energy to run. 
Colour in orange everything that took energy to be produced. 


Colour in blue everything that took no energy in its manufacture or 
operation. 


Colour in yellow everything that can be run on, or has been made by, 
human labour alone. 


(3) Add, if you like, small symbols to indicate what form of energy has been 
used. 


(4) Discuss with your teacher the different results you might have obtained 
had you been assigned to other working groups. 


(5) Apply these exercises either to a modern society different from yours or 
to an ancient society (prehistoric, mediaeval, Ms) 


(6) Draw a plan of the energy flow in a city. Try to quantify the elements of 
this flow. 


(7) Choose a large manufactured object, say a motor car, and try ee ae 
the energy chain and the materials that have gone into its manufacture. 
Summarize your work in a large diagram showing what raw sina a 

needed at each stage of the manufacturing process; what energy 

quired and the share of human labour. 
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(8) Look for documents: 


illustrating the industrial uses of energy; 


showing the energy consumption in the various sectors of industry. 


(9) Look for data on the energy costs of all the materials that go into a 


motor car. 


Projects: (more elaborate for Level I¥) 


Find documents showing the consumption of energy in various sectors of the 
economy: agriculture, industry, transport, ... Prepare an exhibition panel 


showing these results in simple fashion. 


Examine what new forms of energy could replace energy sources that are being 
exhausted: geothermal energy, wind, solar energy, the biomass. 


For each of these draw up a brief list of advantages and drawback 
possible practical difficulties. s and of 
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WORKSHEET: Energy and agriculture (Worksheet 11) 
Aims and objectives: 


To bring out: 


the direct and indirect consumption of energy by agricultural system 
S;5 


the possibility of using certain agricultural 
- waste product - 
crops specifically planted for that purpose, to sie tse heen 


To recall that the energy of foodstuffs (agricultural ‘ , 
to man's survival. products) is essential 


To demonstrate that the development of agricultural methods faithfull re- 
flects the development of energy usage. F 


Levels: I and II 
Subjects: Biology, geography, economics, art. 
Materials: Usual classroom material, drawing material, documents. 


Exercises: 


(1) Produce a very large map of a rural area surrounding a village. Sketch 
everything found in it (leaving out people) very simply in black out- 
lines. Colour in red everything that needs energy to run; in orange every- 
thing that conducts or stores energy; in yellow everything that took 
energy to be produced; in blue everything that needs no energy for its 
manufacture or operation, and in purple everything that takes nothing but 
human labour to be made or to operate. If you like, use small symbols to 
show what form of energy has been used (electricity, ...). 


(2) Explain how the agricultural sector consumes energy (make sure you 
include direct as well as indirect consumption) and also how it produces 
it. What do we do with this energy? In what way is this energy vital to 
us? 


(3) Can agriculture play a part in the production of renewable forms of 
energy? What precautions must be taken to ensure that such sources of 
energy remain renewable? By what methods can agricultural produce be 
turned into energy? 


(4) Try to prepare a balance sheet for a farm and then to determine the 
energy balance (see Appendix ITI). 


(5) Repeat Exercise (1), but for either a modern rural society different a 
yours, for an ancient society (prehistoric, mediaeval, ee.) Or even tor 
the society you would like to live in. 


(6) Examine the agricultural methods and the associated energy consumption of 
different societies past and present. 
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Project: 
If you live in the country, make a list of energy outlays with a view to re- 
ducing them. Produce viable alternative solutions. In particular, bear in mind 


the possibility of using waste matter. 


If you live in a town, try to devise teaching materials for gro 

ups of 
knowing little about the countryside, to show them how ieagiean draenei 
the rural world and to what a large extent agriculture itself depends on bie 


use of energy. 


SiL19. - 
WORKSHEET: Energy in transport (Worksheet 12) 
Aims and objectives 
To identify various means of common transport. 


To compare the energy expenditure involved i x 
rer in differ 
listing them in descending order of energy cost). apc 


ms of transport (by 
To encourage reflection on possible energy savings. 
Levels: I and II’ 


Subjects: Geography, mathematics, science, economics, history, art 
> e 


Materials: Paper for drawing and for taki ° : 
nates p g aking notes; maps of the district and 


Exercises: 


(1) Mark on a map the routes some of you take from home to school; indicate 
by what forms of transport. 


(2) For the same routes (or for some of them) compare the direct energy 
expenditure per head on different forms of transport, i.e. going 


on foot 


by bicycle 


by car 


by bus 


by train 


bearing in mind the total energy consumption and the number of passengers 
carried. 


(2a) You might also evaluate the indirect energy costs based on the weight of 
the vehicle used and its working life. 


(3) Classify various forms of transport in terms of energy expenditure. Dis- 
cuss the use of these forms of transport in terms of the distance that 
needs to be covered and the pros and cons of each of them. 


(4) Work out a transport plan for your town, district or village and neigh- 
bourhood that would result in energy savings. For example, what needs to 
be done to enable everyone to come to school by bicycle? Who is respon= 
sible for traffic and transport problems in your district, town or area? 
Try to meet local officials and get them to explain the difficulties, 
constraints, choices and future plans. 
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Projects: 


In your class, school or college, organize a debate on transport problems and 


on the energy consumption associated with them: 
as far as they relate to you directly as a member of your community; 


(a) 
(b) 


Try to determine how some of the dominant features of our civilization 
(e.g. the importance of the motor car) affect the control and conservation of 


as far as they effect the economy of your country as a whole. 


non-renewable resources. 


Specify the various ways in which you, as an individual, can 
effect en 
savings in the transport field. Apply such methods and bay and earedaneoaear 


family and friends to do likewise. 
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SECTION VIII: THE ECONOMICS OF ENERGY AND ENERGY SAVINGS 


PRESENTATION TEXT 


Before the industrial revolution, 


renewable types of energy derived more 
through: 


man had to rely almost exclusively on 
or less directly from solar energy 


the elements: wind, water power; 


the biomass: fuel and foodstuffs, and hence i 
animal tracti 
ion and human 


Industrial society grew up on the exploitation of non-renewable fossil re- 
sources, first coal, then petroleum and gas and finally fissile minerals 
(uranium). The effort needed to reach these resources is relatively slight 
not only in financial terms, but also in terms of human labour and cost. ie 
financial terms, this means cheap energy, which has encouraged the development 
of industry but also of various forms of waste and negative effects on the 
human environment (pollution, noise, accidents, ...). Economic systems at 
large are profoundly affected, even ruled, by energy economics, their position 
differing radically according to whether they are made up of pure producers, 
of mixed consumers and producers, or of pure consumers. The recent oil crisis 
has underlined the dependence on the energy sector of all countries - 
especially, of course, the most highly industrialized of them - as well as how 
delicately balanced this dominant sector of the economy really is. It also 
became apparent that there was no real control of resources and that the so- 
called ‘economic laws' do not act as regulators; on the contrary, present-day 
economic practices lead to a squandering of resources and produce a host of 
associated problems: pollution, noise, irreversible damage to the natural 
environment (desertification, deforestation, soil erosion, ...). The problem 
of useful resources is essentially that of usable energy. 


The situation is, in fact, paradoxical: on the one hand, we are swimming 
in a superfluity of energy with one source, the sun, being, on our human 
scale, inexhaustible and in theory capable of supplying 10,000 times the 
energy our planet needs and, on the other hand, we are suffering from an 
energy crisis. 


Now, if there is indeed a crisis, it concerns useful energy, its cost and 
its application. There is a crisis if I have no petrol to put into the tank of 
my car, if the coal merchant has no stocks to satisfy my heating needs or : gaa 8 
am no longer capable of paying for either. Before a source at the beginning of 
an energy chain can yield a convenient energy vector carrying the energy to 
where it is wanted, that energy must first be rendered usable and accessible. 


For example, coal is a source of energy that is easy to use Peary me 
lump of it can be burned, but a deposit that is too fragmented or See gore 
not easily accessible. By the same token, biomass is produced Te ee 
faces of the globe but access to that source is limited by several factors. 

competition for space between different types of edible crop on the one 
hand, and crops planted for energy, on the other; 


the need to harvest and transport this diffuse resource; 
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i be preserved, not to 
; i if its renewable character is to 
ee a cen be produced every year (if this is. not done, the 
eae ee the forest, the quality of the soil, ... will be impaired); 
structu 


the cost of harvesting. 


i ded to tap an accessible source of energy are 
me ee sete senilee an but a number of economic and other 
evar Pera and energy-effectiveness) must be taken into account as 
See iae mple, it is possible to spend more energy on an energy chain than 
| ahi eacpeemer nha yield. This might be the case with some methods of turning 


sugar-beet into alcohol. 


One of the major aspects of the current energy crisis is linked to the 
increasing cost of transforming energy resources that cannot be used in their 
raw state or that are increasingly difficult to reach, into useful energy. 


Two main recommendations to improve the energy economy have been made in 
response to the energy crisis: (a) resorting to 'soft' or new forms of energy, 
and (b) adopting an energy-saving policy. In the first case, we come up 
against a number of constraints: 


sun, biomass, wind, sea, ... provide us with diffuse and sometimes rather 
limited forms of energy (biomass) ; 


nuclear energy depends on a non-renewable resource; 


the really new form of energy we may expect to derive from nuclear fusion 
is still no more than a promise. 


Energy savings can bear on direct as well as on indirect consumption. The 
general public is more aware of the former because it knows only too well how 
much it spends on electricity, gas, fuel oil, petrol. etc. But every citizen 
also consumes what energy went into producing the motor car, the paper, the 
bridges, the roads and the buildings he uses, That is why a genuine energy- 


more stress on development not necessarilly based on growth for growth's sake 
and often tantamount to squandering resources. It is easy to see that the 
Manufacture of goods of more durable quality, while giving the same satis-— 
faction to users, would result in a reduction of the consumption of material, 
of working hours and also, of course, of the energy consumed, 
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WORKSHEET: The economics of ener and ener Savings (Worksheet 13) 
eee Oh enersy anc energy « g ee 
Aims and objectives: 


To make it clear that with energy, as with all goods 


th 
access to the resources and their rational management 5 RE pecrs ee 


To discourage the squandering of energ 
| y and to show that 
in direct as well as in indirect consumption. ak Davenge can he mage 


Level: IT 
Subjects: Economics, geography. 


Materials: Economic and statistical documents; leaflets written for the 
general public by various public or semi-public bodies. 


Exercises: 


(1) Identify the sources supplying your country with energy. Distinguish 
between renewable and non-renewable types of energy. 


(2) How are various energy sources in your country appraised? Ask specialists 
to explain. 


(3) Do the same for imported forms of energy. What are the available re- 
sources? On what factors does the supply of these forms of energy to your 
country depend? 


(4) What is the present proportion of imported energy in your country? 


(5) What proportion of the energy from a given resource goes to the indus- 
trialized countries, to such large countries as the United States, to 
your own country, to the so-called developing countries? 


(6) Devise a game (card game, computer game) in which limited stocks of 
material, time, labour and energy must be distributed for: 
- maximum waste; 
- penny-pinching economies; 
- rational control. 


(7) Find out the main ways of reducing energy consumption in industry. Which 
of these could reasonably be described as energy savings? 


(8) Identify the main ways a country can save energy, foreign currency and 
materials, bearing in mind the need to maintain a certain level of 


production. 


(9) Choose an example of energy savings and calculate the energy efficiency 


of the investments made and also the financial returns. 


Project: 


Devise a detailed energy-saving plan for your community. 
on reducing direct consumption, but remember that much energ 
cutting back on indirect consumption as well. 


Concentrate above all 
y can be saved by 
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APPENDIX I 


ADDITIONAL COMMENTS ON SOME BASIC CONCEPTS 
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CHAPTER I: ENERGY: ESSENTIAL DEFINITIONS AND CHARACTERISTICS 


re IN SEARCH OF A DEFINITION 


An examination of some of the m ini 
any definitions of en 
. er 
it is to arrive at a clear and accurate one. In his ae He = 
energie, C. Bienvenu has listed various definitions of Scere Gee eee 
dictionaries and encyclopaedias; below we quote his attempts ae 
question: "But what is energy?' i iulphtiblreicassis 


'To ask this question is not as sill i i 
y as it might seem. J i 
to those of your acquaintances who feel free to hold forth sr mana 
ject. You will be surprised how vague their answer is, if they have 
at all. But what do the experts have to say? pre 


Sae ra 
- Encyclopedie des Sciences et Techniques: "For an isolated system 
we can construct a function E = fa,(t) such that E = const. E is nee 


fore a characteristic magnitude of the system under consideration: it is 
the energy of the system." s 


- Encyclopedia Universalis: "In all transformations studied in 
physics, the concept of energy plays a fundamental role. It crops up 
first of all in mechanics where it means the ability to do work ..." 


- Quillet: "Energy, as defined in physics, is an abstract concept 
associated with all manifestations of force, movement, heat, gravi- 
tational, magnetic or electric fields, etc. The concept, originally 
defined in mechanics as the ability of :a body to do a fixed amount of 
work in a given system, has since been greatly expanded sty 


- Robert: “Everything that does work, is derived from work or 
results in work." 


- Petit Larousse: "The ability of a system of bodies to do mechan- 
ical work or its equivalent." 


- Grand Larousse: "The ability to do work." 


All these definitions which, moreover, are far from exhaustive, do 
little to lift the confusion of non-specialists. Two terms keep recur- 
ring, namely "work" and "system". That is because the concept of energy 
was originally associated with the work done by mechanical systems. Its 
extension to heat, to electricity, to radiation, to chemistry is rela- 
tively recent and involves abstract ideas, less accessible to common 


sense than "work". 
" ion", a word 
transformation ; 


Only the Encyclopedia Universalis mentions rims 
that, in my view, is a prerequisite of all correct definitions of energy. 


Here is my own: 


Energy: What must be su Lied to. OFT removed from a material system 


in order to transform 1 ey 


de Protection de la Nature = Rhone- 


: Fédération Rhéne-Alpes 
fin ae ani ; ) in an undated booklet entitled 


Alp Federation for the Protection of Nature 
"Why save energy?', puts it as follows: 
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'What_is energy? | 
what it is but no one can tell you out- 

Everyene nan eee intervenes in the universe every time 
ec ef Rather vague isn't it? Let us take a few examples: the 
Poo h aeared ee (electromagnetic) energy which, when absorbed by 
pitas Pesan them up (thermal energy), evaporates some of the water 
a aan it to the mountains (potential mechanical energy) whence the 
"es alcatel 0 comes down again giving up its (hydraulic) energy to 
turbines which produce electricity, etc. In one disguise or another, 
energy is constantly being transformed, so much so that one might think 
this process will continue indefinitely (principle of the conservation of 
energy). In fact, however, every transformation involves a loss of 
energy, that is, renders some energy useless for the rest of the trans-— 
formtion cycle (principle of the degradation of energy). It is a funda- 
mental law of physics that the greater the flow of energy in a system the 
more rapid the degradation of that system.' 


We shall conclude with the following quotation from a pamphlet published 
by CAMIF(1) on the insulation of houses. It illustrates the danger of attempts 
to arrive at too simple a definition; try to read this passage tongue in cheek 


and perhaps write a parody of it: 


"Energy: 


On earth, every object left to itself will naturally drop down. Man 
must supply muscular work to restore it to its original position. This 
example refers to a particular form of energy, namely mechanical energy. 
In fact every object contains a certain amount of energy thanks to the 
force of gravity. That energy, called "potential" energy, varies with 
height and is measured by the latter. It is impossible to find energy in 
the broader sense other than by philosophical speculation. If we narrow 
the concept of energy down, we can describe some of its forms mathemat- 
ically: by the mathematical functions of certain variables that permit 
the calculation of variations. Energy is protean: mechanical, chemical, 
nuclear, calorific and it certainly also exists in forms we do not know.' 


difficult to Stasp, whereas the effects of energy, the uses to which we can 
put it, are familiar to us. For convenience sake, we can adopt the following 
formulation, one that is found in most dictionaries: 


Energy is the ability to do work 


ie Starting from this, we can either look for a more precise mathematical 
e inition or else content ourselves with a brief reference to the existence 
of different forms of energy. 


(1 lo LL 
(1) A very important CO-operative of teacher-consumers in France, 


(29) = 


We can also adopt an alternative d ; 
efinition, on - 
certainly more abstract, namely: ; e that is more general and 


Energy is what must be supplied to, or removed from 


a material system in order to transform it 


II. THERMODYNAMICS, THE SCIENCE OF ENERGY 


ine The scope and approach of thermodynamics or the science of ener 


Thermodynamics is the branch of physics concerned with exchanges and 
transformations of energy. It therefore covers a very wide field, since energy 


intervenes whenever anything happens in the physical world, that is, whenever 
a material object undergoes a chemical or other change or, more generally, a 
set of closely related changes. Thermodynamics was born in the nimeneeneh 
century with the study of the thermal phenomena associated with certain. dis- 
placements (the work of Joule, Rumford, --.) and of the operation of engines 
that exploit heat (Carnot's On the motive power of fire, 1824). 


In thermodynamics, we mostly consider a set of objects or a system in the 
process of transformation. At any given moment, the system is in a given 
state, defined by the numerical values of a number of variables (the temper- 
ature and pressure of a gas, for example). Generally, when we describe trans- 
formations of entities outside the system in thermodynamics, we divide the 
universe into two parts: one is the system in respect of which we study the 
transformation and the other its environment (the exterior). The exchanges 
between a system and 'its' exterior can most often be reduced to: 


mechanical work; 
heat exchange. 


2% Mechanical work and heat exchange 


2.1 If a system is displaced under the action of a force, the changes 
experienced by the system can be expressed as quantities of work: thus, I can 
compress a gas by exerting a fixed amount of muscular force or by the dis- 
placement of a weight in the gravitational field (see figure below). 
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: ‘ i losed with a piston. The 
; is contained in a cylinder c bb agi Sea , 
A quantity i iainiy greater than the weight m. In state A, equilibrium is 
cay Pate applying a force F, directed downwards, to the weight m. 
maintal 


The equilibrium equation can then be written as: 
S =n’ 
Frmtp, 


i A and S if the section of 
is the pressure of the gas in state 
aos ee When we remove F, the weight m will be lifted through a 
fanape as m' descends through the same distance; m' settles in a 
Sopnateencdwedsnoldie to state B. The new equilibrium equation can be 


written: 


' 


m + PRS =m 


where p, is the pressure of the gas in state B. In changing from state A 
to state B, the gas has received an amount of work W 


W=mxh 


W>0: the work is said to be positive, the system is a receiver, 
h: displacement of piston. 


If, during the transformation, the System has received a quantity of work 
from the outside, that work is said to be positive, and we speak of a receiver 
System. If, on the contrary, the system has surrendered work, that work is 
said to be negative and we speak of a motor System. Work can always be reduced 
to the vertical displacement h of a weight m in a gravitational field and is 
expressed in the form of a product: W=m x h. 


2.2 Transformations of the system can also be expressed as heat 
exchanges: heat can be surrendered to the outside and vice versa (see figure 
below). 


ice Water 


The System consists of a block of ice at 0°C (state A) in a room at 20°C, 
The ice melts, and gtadually turns into water at room temperature 
(state B). The System has changed from State A to state B by receiving a 


it is received by the system but negative if it is Surrendered by the 
System to the exterior, 


ll. - 


We say that a system is thermall 
with the environment. It is said to be 
ically as well as thermally, that is if 


the environment. 


insulated if it cannot exchange heat 
insulated it ot ds insulated mechan- 
its transformations have no effects on 


bw Temperature 


It is a matter of experience that if two material 5 
contact, the heat always 'flows' from the hotter System to the colder, T 
ature is a variable that makes it possible to discover the ‘eolnsee™ ten. | 
"hottest' point and hence to predict the direction of thermal exchan srt e 
a very special variable inasmuch as it is impossible to add the ch ao + 
of two bodies or of two material systems; if we add a litre of ee 3 at 40°C 
to a litre of water at 10°C, we obtain two litres of water at 25°C (because 
the number of calories remains constant). The only definable relations between 
two temperatures are their equality or inequality. We can only compare temper- 
atures by reference to a carefully graduated scale. 


ystems are placed in 


III. CHARACTERISTICS OF ENERGY: FORMS, MODES OF TRANSFER AND TRANSFORMATION 


Energy is involved whenever anything happens in nature. We have already 
identified two forms, which are also the two modes of transferring energy: 
heat and work; but energy appears in many other forms as well. Thus the sun 
sends us radiant energy, which is propagated through a vacuum, without any 
material support, and at the fabulous speed of 300,000 km per second. That 
energy is transformed into heat when it meets a material obstacle. If the 
obstacle is the surface of a lake or an ocean, the heat causes evaporation of 
the surface layers. The water vapour is lifted up by rising air currents and 
winds and may later be condensed in the form of clouds which fall back as rain 
and fill rivers and dams (potential energy), and can then be used to activate 
turbines (kinetic energy) and so to produce electricity (electrical energy). 
The resulting electrical energy, conducted by high-tension wires, can be used 
to run motors (mechanical energy) or to supply light (radiant energy) and heat 
(thermal energy). 


This example shows that energy can appear in many distinct forms. Except 
for radiant energy, all forms of energy need a material support. 


This material support is the atomic nucleus in the case of nuclear 
energy, the molecular structure in the case of chemical energy, and big 
"systems' (clouds, water reservoirs) in the case of potential energy. At the 
nuclear or molecular levels, energy is measured on a microscopic scale, in the 
case of dams, it is measured on a macroscopic scale. The Thiring diagram 
(figure below) illustrates the interrelationship of some of the forms of 
energy which we have mentioned, and also some of the devices that enable us to 
transform one form of energy into another. 
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muscle accumulator 


combustion 


eneray 


; 


IV. UNITS 


L. The multiplicity of units 


To specify the quantities of energies involved in the various transfor- 
mations we have mentioned, we need a clearly defined and invariable 'univer-— 
sal’ standard of reference. The official unit of energy in the joule: the 
energy needed to raise a mass of 100 grams through one metre. In theory, it is 
the only unit - with its multiples and submultiples - we need to use, but it 
is often more Practical to resort to other units. Thus the calorie is the most 
convenient unit for measuring quantities of heat: one calorie is the energy 
(quantity of heat) needed to raise the temperature of | g& of water from 14.5°C 
to 15.5°C; its mutliples, the kilocalorie (1,000 calories) and the therm 
(100,000 Btu) are also in common use(1). 


The most common unit used to measure electrical energy is the kilowatt-— 
hour (kWh), the energy used in one hour by a device consuming one kilojoule 


the t.o.e. which is the thermal equivalent of one tonne of oil or the t.c.e. 
(tonne of coal equivalent). National consumption is often measured in millions 
of 10.6, or in quads (quadrillions - or 10 “Btu; one Btu = British thermal 
Ste 0.293 x 10 “kWh; 1 quad is equal to approximately 25 million tonnes of 
Oil equivalent. Nuclear Physicists who Study the microscopic structure of 
matter use a very small unit of energy, namely the electron-volt; it is the 
kinetic energy agquired by an electron losing one volt of potential 

J). 


i. .. 
(1) For a long time People have also been using the large or kilocalorie: 
I Cal = 1,090 Calories = j kilocalorie, 


- 133 - 


Joule Calorie kWh 


Joule 2) a7 8 x 1077 


Calorie “ IeehGrxe 107° 


3. 6hx 10° 


2 wil sleek? 


h 3 xo dOne, btseace-i10!?P 


CORRESPONDENCE BETWEEN THE PRINCIPAL UNITS OF ENERGY 


1072 10'? 


IEA 
kilo k 


milli 


10° micro 10°? a 
10°? nano 10°? G 
io 2 pico for tera T 


MULTIPLES AND SUBMULTIPLES 


Pes The distinction between energy and power 


It is essential to avoid the common confusion between energy and power. 
Let us take the case of work, involving mechanical energy: work is done every 
time a force is applied to displace a body over a given distance; power is the 
rate at which that work is done, i.e. it gives the supply of energy in unit 
time. Energy 'can do' a number of things; power measures the velocity with 
which these things can be done. Power accordingly involves energy and time: in 
order to function, every appliance, every system needs an energy output. 
Depending on circumstances, we speak of the power of the appliance or of ihe 
power of the source supplying that instrument. In the last century, sake s 
often used the term horse-power (hp) as a unit of power; it is the power 0 : 
steam engine capable of doing the work of one horse. Today, the weg 
unit of power is the watt (W) which corresponds to an output of one pg - 
second. Thus a motor with a power rating of one kilowatt supplies anaes 
mechanical energy a minute, and a 100 W light bulb uses up 0.1 kWh of energy 


every hour. 
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Example 


Bicycle lamp 


Watt (joule/second) 
Ten times the power of a man 


Horse power 
Pair of horses in harness 


Kilowatt 
Motor of a racing car 


Megawatt 


Gigawatt Nuclear reactor 


ORDER OF MAGNITUDE OF VARIOUS UNITS OF POWER 
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CHAPTER II: THE PRINCIPLES OF THERMODYNAMICS 


T. THE FIRST LAW OF THERMODYNAMICS 


Lon The energy of an isolated system is always conserved 


Let us take ‘a piece of the universe' 
se' (a gas enclosed in 
: a 
machine, --.) that exchanges nothing (neither matter nor energ eee 
environment. In the jargon of physicists, that system is said ae is ic oF 
The total quantity of energy present in that system - its internal Se 
as 


physicists call it - does not change. If A is used t 5 
nitude, then: o refer to changes in mag- 


AU = O in an isolated system 


In other words 


the internal energy of an isolated system is constant 


That does not mean that nothing happens in the system: work can be trans- 
formed into heat and vice versa. But when the internal energy U remains con- 
stant tthe heat produced must be equal to the work done. For that reason the 
first law 6f-thermodynamics is also known as the principle of equivalence; as 
we said earlier, all forms of energy can be converted into one another. 


2% Exchanges of energy 


In reality, few systems are isolated. Most exchange energy with their 
environment; the internal energy of such systems increases or diminishes 
depending on whether the sum of the energies it receives is greater or smaller 
than the sum of the energies it surrenders. We can express this fact by the 
following equation: 


U.-U, =AU=QtW 


ET 


when 


U, is the initial internal energy of the system 
U, is the final internal energy of the system 
Q is the heat exchanged 


W is the work done. 


If we compare two successive states of a system, for example oihas. 
machine, taking into account its exchanges with the environment, we Sigs 
the energy of the whole (system + exterior) has not changed. In ee 
system has surrendered a given amount of energy, that energy, W Le 


neither be created nor destroyed, is necessarily found back in the anya 
losses(1). Conversely, if the system ha 


ment. There can never be any energy 


nd economists refers to 


i _ e e 
(1) The term ‘energy loss' as used by engineers Soaknned a, sPecbhontically 


transformations of energy into forms that have 
viable. 
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t. The prin- 
must have come from the environment. 

sortee sachets ee one and work extended to all forms of energy, is the 
ciple of equiv 


as: 


Energy can be transformed but is conserved 


33 Concepts of calorimetry 


We know various sources of heat (wood, electric currents, etc.) and we 
know how to measure the quantities of heat exchanged directly or indirectly. 
When heat is surrendered to a homogeneous body(1), the temperature will either 
increase or it will remain constant during the change of state. 


In the first case, the body remains in the same phase (solid, liquid or 
gas). The thermal capacity of a body is the quantity of heat (AQ) required to 
raise its temperature by A T. 

4 Q 


Cc = — 


AT 
In standard calculations, the water equivalent is often used instead: 
ss See = 1 calorie/gram/degree 
The quantity of heat A Q needed to raise the temperature A T of a body by T is 


therefore given by 
Q=CAT 


When changes of state are involved, the addition of heat to a homogeneous 
body does not produce a rise in temperature. This is notably the case when 
boiling water turns into steam but stays at a temperature of 100°C (or 373°K). 
The energy needed to obtain that change of state is called latent heat. We 


the latent heat of fusion Ly associated with the change of a solid into a 
liquid; 


the latent heat of vaporization L_ associated with the change of a liquid 
into vapour; 


the latent heat of sublimation L associated with the change of a solid 
into a vapour. - 


with the environment, 


(CL) 1. 2 
Cy: soht,.ia, more convenient to consider homogeneous bodies (iron, water, 
Oxygen) than mixtures (solutions, alloys) which have more complex 


Si L37- = 


Thermometer 


LLLLLLL. 


Stirrer 


OZ 


Insulating 
walls 
Calorimeter 
Insulating Caan eee 
supports YY 


SKETCH OF A CALORIMETER 


In practice, the body whose capacity we wish to establish, is plunged 
into the calorimeter and the lid closed. The quantity of heat surrendered by 
the body to the water is deduced from the change in temperature of the water 
in the calorimeter. 


It should be noted that, in general, some heat is also surrendered to the 
calorimeter itself and to its accessories (wall of vessel, thermometer). We 
refer as the water equivalent m_ of the calorimeter to the mass of water 
having the same thermal capacity as the calorimeter and its accessories under 
experimental conditions. Example: 


A calorimeter contains two litres (2 kg of water at 20°C. We add 
0.5 litres of water at 40°C. The temperature settles down at 23.8°C. We now 
wish to calculate the water equivalent of the calorimeter. 
(2000 + m ) (23.8 - 20) = 500 (40 - 2350) 


Heat surrendered by the hot water 


L324 


Heat received by the calorimeter 


whence m 
Ww 


4. Chemical transformations 


In the eighteenth century, Lavoisier anticipated the principle of the 
conservation of energy with his famous: "Nothing can be lost, nothing 
created’. But he reserved it for the conservation of matter in chemical re- 
actions. It was shown later that the same principle also applies to energy. 
How precisely can it be applied to chemical reactions? 

Let us take one of the most common of these, the combustion of sugar, 
which can be represented as: 


glucose + oxygen ————>. carbonic gas + water + heat 


or using chemical symbols: 
+°6 H.0 + D8 
CoH 2%6 —_————> 6 co, 2 


(initial state) (final state) 
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inal state) (exothermic reaction). AH, 
AH represents a eter ei es nk ae on the difference 
piel ge sa eS i the final state and the initial state of the system. 
ae ba eare the reaction is exothermic, the system surrenders 
1 aa ee where AH < 0. In other words, the variation in 
Be ce caneae te a loss of heat by the chemical system: 


initi f the system 
Scale | aotitee be ES (initial energy o y ) 
of AH OH = enthalpy of the reaction = E, - E. < 0 
energies ¥--j|- Ee (final energy of the system) 


The value of the enthalpies of all the chemical reactions, and especially 
of the combustion, is of particular interest to us, because it is independent 
of the path taken by the system when changing from the initial to the final 


state. 


In the case of the combustion of a gram of glucose, AH is about - 4 kcal. 


Enthalphy should be correlated with the energy value of various sub- 
stances, especially that of fuels and foodstuffs. 


II. THE SECOND LAW OF THERMODYNAMICS 


| ape The energy of an isolated System must become degraded 


The second law of thermodynamics is based on a number of established 
phenomena, including: 


(a) The profound difference between "heat energy’ and ‘work energy' 


Stretching a spring (W > 0) is by no means the same as heating it (Q > 0) 
even though the same amount of energy (W = Q) may have been supplied in both 
Cases, and even though the internal energy may have been increased by the same 
amount: 


AU=W=Q>0 


(b) The difference in quality between heat produced by sources at 
different temperatures 


Counting calories is not enough, we must also evaluate their relative 
importance. Thus a Source of warm water (for instance the Gulf Stream) can 


Ce} “The irreversibility of certain operations 


‘6 Let us take the Case of a litre of water at 99°C and a litre of water at 
zs (initial State); let us mix them: we obtain two litres of water at; 50°C 
(final State). It is evident that U_ = y And yet, it is not possible to 


restore the initia] State, especial ofthe water at 99°C : 
additional input of energy. f » without an 


7 
(1) For transformations at atmospheric Pressure, it is often more convenient 
to use enthalpy than internal energy. 
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The above examples, apparentl i 
) y quite unrel 5 
help of ome and the same law: elated, can be explained with the 


The energy of an isolated system undergoing transformations becomes deprad d 
grade 


This assertion calls for an explanation. i ‘ : ‘ 
is that though it is possible to sonar se Sc Sep ni Non nal sot 
thermal energy, the opposite transformation, that of thermal ai ne 
forms of energy, can never be total: part of the initial energy <i : ae 
in the form of low temperature heat. This effect is known as ia 
energy. We can sum it up with the help of the following diagram en ee : 
what happens to x calories during transformations of energy (R which is — 
smaller than 1, is the efficiency of the transformation process). wis 


Energy other than heat Heat 


x calories x calories 
Energy other than heat 


x R calories Heat 


x calories 


Residual heat 


x (1 - R) calories 


2 The efficiency of machines 


When we transform energy for a particular purpose, the amount of useful 
energy is always smaller than the theoretical amount available at the start. 
The ratio of the useful energy to the initial energy, the efficiency of the 
transformation, is always lower than 1. Carnot has shown that with heat 
engines, i.e. with machines that transform heat into work - and this is a con— 
sequence of the second law of thermodynamics - the partial transformation of a 
quantity of heat Q into mechanical energy must necessarily proceed from a "hot 
source’ at a temperature T, to a ‘cold source’ at a temperature T| < T)3 he 
has also shown that the heat transformed into work W cannot exceed at 


T 


Cc 
max T 


h 


where the temperature is expressed on the absolute scale, i.e. by adding 273°C 


to the normal centigrade (Celsius) scale. The ratio: 


Bax Wax 
Q 


is still called the Carnot efficiency of the engine. 
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i ficiency is an ideal which cannot be 
tressed that this ef ; : 
ining aan SN Real engines always give rise to friction, and to 
attaine 


escapes of heat. 


8 Free energy and entrophy 


or available energy ('free' energy): 


Internal energy = free energy + degraded energy 


or: 
Oe Pat Qe, 


where U = internal energy 


F 


free energy 
Re = degraded energy 


The maximum efficiency _ of a transformation is defined as: 


max — —— —— 
U U U 


or 


R ee degraded energy 
max —_——————_____ 
internal energy 


In the case of chemical reactions —- for instance the combustion of sugar - the 
System experiences a change in internal energy AU such that 


AU = apeetnie& Qi: 
The change in free energy can therefore be written as 
AF = AU - AQ. 


AQ _ can be expressed. as the product of two terms, namely the temperature T 
and AS, the change in entropy: 


ah Tx AS 


Degraded energy = Temperature x change in entropy. 


Free energy is therefore the difference between the total energy and the 
Product T x AS, which allows us to consider entropy as a measure of the in- 
evitable "losses! associated with a transformation at a temperature T. For 
these losses to be zero (and the maximum efficiency to be 1), there must be a 


zero variation in entropy (AS =-0)., of bn absolute temperature T = zero, 
which is impossible, 
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The greater the entropy S, the smalle 
’ © theo i 
be transformed into noble energy: this explains ee ne of AU that can 


a measure of the degradation of the ener of that 5s et cai ane a system is 


The unit of entropy usually used is the 


clausi ‘ 
degrea). ‘The joule per absolute degree in alco Sius (calorie per absolute 


used, 


4. Entropy and the irreversible degradation of energy 


In an isolated system, energy can neither be 
us take the case of an oil field. The extraction tes ee ap ihe = 
hand in hand with a decrease in the internal energy of the oil ftelde > wes 
virtue of the first law of thermodynamics, all the initial ener ‘ig os a 
back in other forms (movement of vehicles, electricity, heat, ae it Ach 
destroyed, which would be flying in the face of the first law, Biiedid HagAne ata 


into the largest system we can imagine, namely the universe, which by defi- 
nition ‘has no exterior’. 


If, by contrast, we study a system that opposes degradation (a green 
plant, a living being in the growing phase, etc.), we shall find that it is 
bound to be a subsystem dependent on a larger, isolated System that inevitably 
suffers a degradation of its internal energy (growing entropy): this is the 
counterpart of the decrease in entropy of the privileged subsystem. 


If we take the case of our planet, the earth, a miniscule space-ship, 
life on it before the industrial revolution depended on the slow degradation 
of the star from which it draws its low entropy energy: the sun. Since the 
industrial revolution by contrast, human societies have been drawing on the 
earth's own reserves (coil, oil), which the irreversible degradation of the 
earth's resources. 


oe Two interpretations of entropy 


The definition of entropy we have given is useful for treating problems 
in thermodynamics. However, we can also define entropy as the measure, on our 
(macroscopic) scale of the relative disorder of matter on the molecular (micro- 
scopic) scale. 


Take the case of water in its various states: in the frozen state, the 
molecules are distributed regularly in a crystal. 


G) All the variables used in this section apply to the analysis of thermo- 
dynamic phenomena in an enclosure, that is, at constant volume. But in 
nature, notably on the surface of the earth, the processes involved 
generally take place at constant (atmospheric) pressure. The most appro- 
priate variables in that case are enthalpy H and free enthalpy G: 


fe 


AG=H-TAS with H = U + pV, 
where p and V are the pressure and volume of the system. 


e classic chemical re- 
re, the values of H 
to one another and for 


Standard tables give the enthalpy of all th 
actions. For a given system and a given temperatu 
and U, and therefore F and G are often very close 
practical purposes the differences can often be ignored. 
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temperatures, they oscillate more and 
pac Saeed Se ee ery rs temperature increases. Once the 
we above zero, the energy of vibration becomes large enough to 
aes eee bonds: we have fusion accompanied by a sudden increase 
A leap in entropy occurs with the vaporization of water at 
in entropy. 


about 100°C. 


- Suppose we have a box 
et another interpretation of entropy 

Pee a cars itiie into two compartments of equal volume and at the same 
Ss 


temperature. 


ide of the wall we have a gas A ('red' molecules), on the 
es ('white' molecules). When we withdraw the partition and 
wait for a few minutes, we shall be left with a mixture with the same energy 
and same temperature as the initial whole. We have proceeded from situation Le 
with separate 'red' and 'white' molecules to a situation 2 in which the mol- 


ecules are completely mixed up. 


We also know that, had we started with situation 2, the molecules would 
never develop towards situation 1, without external intervention, that is, 


without an input of energy. 


The last example shows that the concept of entropy involves not only dis- 


order but also irreversibility: the change from 1 to 2, which is accompanied 
by an increase in entropy, is irreversible. 


III. MASS AND ENERGY 
ie The conservation of mass 
ation of mass 


The discovery of the law of the conservation of matter was one of the 
greatest discoveries of science. Though foreshadowed in antiquity, this law 
was not established empirically until the end of the eighteenth century. In 
1789, the father of modern chemistry, Antoine Laurent Lavoisier, wrote: 'We 
must take it as an incontestable axion that in all the natural elements 
nothing is created; an equal quantity of matter exists before and after any 
©xperiment (...) and all that is produced are changes in the combination of 
the elements involved'. 


This principle, which is basic to any understanding of the physical world 
and of the mechanics of chemical reactions is known as the principle of the 
conservation of mass. Yet despite its importance, it is not fully correct. 


2 Einstein's contribution 
——————§ contribution 


More than a century after Lavoisier's discovery, Albert Einstein raised 
serious doubts about the universal validity of this principle. 


Einstein showed that the mass of a particle varies as the velocity with 
which that particle moves relative to the observer. Thus the Mass of a 
particle travelling with a velocity relative to an observer becomes: 


where m1, is the mass of the particle at rest relative to t 
the velocity of light in a vacuum (300,000 km/s), a limiting veloci 

material particle can exceed. In the case of the foe habe tired hat “a 
normally recorded on earth, moving mass can, to all Miran le ane velocities 
equated with rest mass. Even in the case of an aeroplane movin Sor rong be 
ocity of sound (or 0.3 km/s), the ratio ’ is of the order of BER peomeDT 


he observer and c 


c 
ye 
1 and hence is of the order of 1 so th 
a? at m barel 
1000 ,000 2 1000,000,000,000 —* 


differs from m_. However, Einstein's revolutionary ideas had other conse- 
quences, among them the equivalence of mass and energy. 


i The equivalence of mass and energy 


The increase in kinetic energy A E_ of a particle of mass m_ which 
changes from rest to velocity v is given by : 


1 


2 
AE. =—m._v 
0 


on condition, as we know today, that that velocity is relatively small in com- 
parison with the velocity of light. Otherwise, following Einstein, we must 
also consider a change in mass and define the kinetic energy Eee in a differ- 
ent way, namely by the equation: 


2 


Ep = (m-m) c 


cr 
or: 


Er 


When < < 1, we can write: 
e 
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hich takes us back to the classic expression of kinetic energy: 
whic 


2 2 
Cl. 2 of 


2 F 
i i duct of C” and the increase 
i ic energy is nowadays defined as the pro 
i ie eahaeahecd ky the motion; we are back with the fundamental idea of the 
i daveidée of mass and energy, which can be generalized in such a way as to 
anbradé other than kinetic forms of energy. We can then state the following 


principle: 


Whenever an amount of energy E is bestowed upon a 
material object its mass m is increased by A m wigs 


The graph shows how the mass of an 


“18 «1072! electron varies with its velocity 
relative to an observer. The graph 
represepts,, the equation m = m 
16x 107" ( 1 - v“/c*) » while the circles 
show the experimental results ob- 
tained by Bucherer and Newmann in 
= 14x 107% 1914. The curve tends to infinity 
g as v —— ec, 
12 x 107" 
10 x 1077" 
i) ue tee “ogtiege try 


ule 


We can also put it in more classic form: 


We can now generalize the Principle of the conservation of energy. For an 


isolated System of rest mass ms, 


2 
n, - €C + U = const. 


; 
where mc is the total rest energy of the system and U its internal energy as 
defined above. 


4. Nuclear fission and fusion 
————n_ and fusion 


: Mass, according to Einstein, is the equivalent of energy in all its mani- 
eg Thus energy and matter are two aspects of the universe. The 
changes in mass accompanying the changes in energy of a system are minute, 
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That promise has now been fulfilled: when a fra 
barded with heavy neutrons, it is broken down into 
of whose masses is smaller than the initial mass of the uranium. Ei in' 
theory was confirmed for better or for worse: for worse because A ap ‘ 
atomic bomb was dropped a few years later; for better, hecande the = nage 
nuclear fission can be controlled and confined in a reactor and iP ii ie 
be recovered in the form of heat and used to produce electricity, pli 


gment of uranium is bom- 
lighter elements, the sum 


A simple comparison shows the importance of the leap forward in the con- 
centration of energy produced through the control of nuclear energy: while a 
600 MW thermal power station burns up several trainfuls of coal a day, a 
600 MW nuclear power station needs about one ton of uranium to run for a ote 
year. 


Nuclear fusion (see section V), by contrast, is based on the union of 
nuclear particles. 


To illustrate the release of energy resulting from a rearrangement of 
atomic nuclei, the astrophysicist Hubert Reeves (1981) has drawn the following 
diagram, in which a separate proton-neutron pair is balanced against a pair 
united in one nucleus, the deuteron. That balance does not, of course, exist, 
but physicists have developed instruments that enable them to make indirect 
measurements of the mass of various particles, the elementary components of 
matter. 


deuteron 


A nuclear bond. A separate proton and the neutron are eineggr ser 5 
ton and neutron combined in a single system (the deuteron). ap he 
ence in mass is liberated in the form of energy (a ig ae pabes 
moment of their combination. This difference in mass, ¢ os 
thousandth, is characteristic of nuclear forces. 
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illustrate the case of nuclear 


We can imagine a similar diagram to 


fission: 


During fission, the uranium nucleus (left) captures a neutron and breaks 
it into two parts (right), with a consequent expulsion of neutrons and the 
release of energy (200 million electron-volts). 


IV. ENERGY CONTENT AND CALORIFIC VALUE 


Le Fuels and the production of heat 


(a) Fuel and combustion 
—— Se combustion 


The oldest method of producing heat is combustion. It is an exothermic 
chemical reaction which can be represented by: 


fuel + oxidant “————> reaction products + heat. 


For combustion to occur the fuel must be brought to a sufficiently high 
temperature, generally in the Presence of air. Fuels are usually classified by 
their origin: fossil fuels (petroleum, §as, coal), plant fuels (wood, straw), 
etc. However, it is more sensible to classify fuels by their energy-giving 
Properties, which we shall now try to define, 


(b) Energy-giving properties and calorific value 
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The calorific value thus obtained, measured at constant volume, j lled 
» s8ecalle 


C = iJ 4 
mn calorific value at constant volume 


In most heating devices (boilers, stoves) combustion t 
constant volume, but at constant, usually near~atmospheric 
accordingly make a correction which enables us to change ie 

c 


akes place, not at 


pressure. We must 
. into: 


_ = calorific value at constant pressure 


Heating engineers use yet another expression, namely, net calorific 
value. How is it defined? 


When combustion takes place in a calorimeter, the combustion products 
remain inside. Consequently we measure all the heat liberated by combustion. 
In particular, the energy spent on evaporating the water contained in the 
sample or formed during combustion is recovered when the water recondenses. 
The resulting calorific value is known as the gross value, and is greater than 
the value obtaining in heating installations. We refer to that value as the 
net value. It is the heat produced on combustion of the fuel at any given 
temperature with the fuel products cooled to the initial temperature, the 
water vapour remaining uncondensed. 


In practice, heating engineers invariably use the net calorific value at 
constant pressure. 


We can classify calorific values of various substances by their carbon (C) 
content, expressed as a percentage in accordance with the empirical equation 


Cc = 100 Cc - 400 
cc 


From the diagram below, we can read off the calorific value of various 
fuels produced by the biomass. 


ncalskg 


23U0U 


10 20 30 40 50 60 wo 90 (C%) 
Carbon content 
1 : Sewage 6 : Sawdust 
2 : Manure 7 : Bagasse 
3 : Papermill sludge 8 : Wood 
4 : Urban refuse 9 : Bark 
5 : Agricultural residues 10 : Charcoal 


CORRELATION BETWEEN CALORIFIC VALUE AND CARBON CONTENT 
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yaa Food 


Food supplies us with the energy needed: 


(1) for all the cellular phenomena and automatic movements indispensable 


to our survival; 


for our, essentially physical, activities which use up relatively 


large amounts of energy. 


(2) 


We can use the simile of ‘slow combustion’ to describe the digestion of 
food by our organism, with a consequent liberation of energy. The energy con- 
tent of the foods men and animals eat is partly preserved in their excreta (it 
should be remembered that cow dung, in particular, makes good fuel) and for 
the rest dissipated in the form of low temperature heat. 


To determine the calorific value of a food, we must know its 


(1) water content (which has no energy value); 


(2) its relative carbohydrate content (sugars and starches, mainly found 
in cereals); its relative protein content (nitrogenouss matter 
mainly found in meat and fish) and its relative fat content (mainly 
found in fats and oils). 


Knowing that 1 g of carbohydrate or 1 g of protein supplies an organism 
with 4 kcal and that 1 g of fat gives 9 kcal, we can determine the calorific 
value of a given quantity of a given food (1 calorie = 4.18 joules). 


ee Representations of potential chemical energy 


reality. Thus we can depict the potential chemical energy of the link between 
two atoms as the energy of a spring compressed between two masses. If the link 
is broken, the bond energy is suddenly liberated (exothermic reaction). 


Cranage) <&) TIM) 


The two masses m and m' are held The sheath is broken. The poten- 
in a sheath that helps to keep the tial energy of the chemical bond 
Spring compressed (potential is liberated in the form of 
energy oy kinetic energy E . 
c 
a 4A) 2 eefA} serine. {Bp 
The two atoms A and B are linked The bond is broken. On the micro- 
hee ade in i. molecule AB by Scopic scale, the bond energy is 
ei a chemical energy of transformed into kinetic energy, 
p which takes the form of heat on 


the macroscopic scale. 
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This over-simplified representation will 
physicists, but it does bring out the fundament 
chemical energy of fuels and foods, in our acti 
logical survival. 


probably be ridiculed by 
al importance of the potential 
vities no less than in our bio- 


ry 
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APPENDIX II 


DATA FOR DRAWING UP ENERGY BALANCES 


253. - 


Eco-energy analysis (EEA) can be treated 

as a did i : 
applied to a farm or a village ("urban' ecosystem on a ce, ete eC) 
in the final stages of their secondary education can easil Bee 3 Pupils 
this type of activity, and have, in fact, done so aecady (ty participate in 


The main procedures and essential technical information are set out bel 
elow. 


(1) Delimitation of the system 


There must first be a spatial delimitation of the unit studied: d i 
on the case, the limit can be geographic (e.g. a valley, a farm % epending 
istrative (e.g. a co-operative, district, a county, ...). The - Sten a oe 
defined by its relations with the outside. We must therefore hoe ee 
of these will have to be taken into account. pne which 


(2) The collection of data 
The 'spatial' data of the system under review will be based on: 


national (energy and agricultural) statistics; 
balance sheets published by local bodies (co-operatives, farms); 


questionnaires. 


The material data (e.g. tonnages of harvests, weight of motorized units, 
amounts of fertilizer, quantities of fuel, ...) will be collected first, 
followed by spatial and temporal data (e.g. area under cultivation, hours 
needed to work it, ...). 


Purely financial accounting methods are of little help since they often 
mask the fundamental problems revealed by material and energy balances. How- 
ever, they are sometimes used in EEA to examine management procedures. To sur- 
mount certain technical difficulties of EEA, it is also possible to make use 
of money-energy transformation coefficient; the most common of these is the 
GNP/total energy consumption ratio of a country. 


(3) Processing the data 


The raw data must be processed in such a way as to yield magnitudes that 
can be transformed into energy units. To that end, we introduce various energy 
values, energy costs, transformation coefficients, ... In practice, we adopt 


the following figures: 


Human labour 


Developed countries: farmer considered as a simple producer (his own con- 


sumption is not taken into account): 
100 kcal/h for light work 


200 kcal/h for medium work 
300 kcal/h for heavy work 


Christine 


(1) Assistance can be obtained from the EDEN group. Write to: ens 


SOUCHON, Treasurer, EDEN Group, 18 rue des Fosses St. Jacques, 
Paris. 
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i ion; home-consumption; 
i with little or no mechanizat < 3 
say abe were or SBE (of the order of 2,000 to 3,000 kcal/day, includ 
take the en 


ing that of non-working days which can be lower. 


Draught animals: calorie count 


Of the order of 40,000 kcal/day, including non-working days, for large 


animals. 


Fuel: the following approximate figures can be used: 
Petrol, fuel oil, lubricants: 10,000 keal/1 


Coal: 7,500 kcal/kg 


Wed: 4,500 kcal/kg of dry matter. 
The figure given for petroleum products is based on the specific energy 
demand which reflects the calorie count as well as the energy cost of obtain- 
ing the material(1), the other figures are based purely on the calorific 
value. For wood dried in air with a 20 per cent water content, the calorific 
value is of the order of 2,000 kcal/m?, or 4,000 kcal/kg (value also applic- 


able to peat and to cow dung). 


Machinery 


For the construction of agricultural machinery, we can use the compu- 
tations of Berry and Fels (in Pimental et al. 1973) for motor cars, trans-— 
posable for tractors and possibly for Stationary machinery; we can put it that 
approximately two tonnes of oil equivalent are needed to produce one tonne of 


The total energy costs must be spread over the year bearing in mind the 
amortization (generally over ten years). 


The annual maintenance costs, 5 to 10 per cent of the total energy costs 
must be added; this percentage can be evaluated in monetary terms by consider- 
ing the ratio of the annual expenditure on repairs to the purchasing price. 


Various authors have also computed the energy cost of an hour of tractor 
use, including the direct energy expenditure 


e.g. 50 hp tractor: 45,000 keal/h 
65 hp tractor: 55,000 kcal/h 


90 hp tractor: 100,000 kcal/h. 


Electricity 


Always consider the primary energy; there is a ratio of secondary energy 
(supplied to the consumer) to primary energy (total energy used to produce the 
electricity), which depends on the structure of the national grid (role of 
different Sources: fossil fuels, hydraulic power, nuclear power, re 


eee 
(1) Note: : multiplication factor of approximately 1.10 enables us to convert 
| 


the calorie count of refined petroleum Products into the specific energy 
demand. 
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In the most unfavourable case - i 

production of ele ici 
alone -: 1 kWh of electricity which should be Pieteitosetiee Fem siel sail 
three times more, namely 2,583 kcal. 1 kcal absorbs 


Fertilizers and pesticides 


We shall use the following 


approximate values established for the United 


Kingdom: 
nitrates: 19,000 keal/ per kilogram of N 
phosphates: 3,500 kceal/ per kilogram of P 
potassium: 2,500 kcal/ per kilogram of K 
herbicides, pesticides: 25,000 keal/ per kilogram 


N.B. It is the weight of the fertilizing element (N, P, or K) that must be 
considered, not the weight of the fertilizer. 


The values depend on the ‘structure’ of the process used to obtain the 
fertilizer in particular countries: type of industry and synthetic procedures 
in the case of nitrates; distance from the deposits in the case of phosphates 
and potassium, ... 


Materials (see the tables below) 


There are great differences in the values listed in various sources. This 
is because: 


(1) 


(2) 


(3) 


specific energy demand calculations by unit weight or unit volume of 
a material are used on different criteria: 


some take the indirect energy into account, while others do 
not 3 


some use purely monetary computations based on inter-industrial 
exchange tables; 


the processes used to manufacture one and the same product are not 
the same at all times: in general, there has been an increase in 
energy efficiency, sometimes offset by various forms of waste. 
Various manufacturing processes can coexist at any particular 
period; 


the ‘structure’ of the manufacturing process: size of factory, rela- 
tive importance of transport of raw materials, ..., must also be 
taken into account. 


Calorific value of end products 


In the case of food for human beings, 


we can use the following dry-weight 


conversion: 


4 kcal per gram of carbohydrate (starch, sugar ) 


4 kcal per gram of protein (usually animal products) 


9 kcal per gram of fat (fats, oils). 
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d by these substances to the 
he amount of energy supplie 
ee eee eet; their calorific value which is measured in a bomb 
uman o 


calorimeter). 


Cereal grains which contain approximately 10 per cent water and are made 
up of Se iaaee (the major proportion) and proteins (gluten) yield: 


0.9 x 4 x 1,000 = 3,600 kcal/kg artificially dried 


Oil seeds make a much greater calorific contribution - from 5,500 to 
6,000 kcal/kg because of their high fat content. 


Green vegetables and fruits, on the contrary, have a large water content 


(sometimes up to 90 per cent) 
0.1 x 4 x 1,000 = 400 kcal/kg fresh weight 


In the case of feed, we can use the fodder unit: ] FU is equivalent to 
the calorific contribution of 1 kg of barley, or approximately 4,000 kcal/kg 
dry weight or 3,600 kcal/kg artificially dried. 


As far as animal products are concerned: 


(a) in the case of meat, we obtain approximately one-half of the carcase 
weight. Meat is two-thirds water, and we need merely apply the pro- 
tein and fat conversion figures to the remaining weight to obtain 
the correct values, bearing in mind the relative Proportion of these 
two constituents; 


(b) the respective values of milk products, eggs, ... are listed in 
Table D below. 


The tables are taken from J.P. Mercier, Energie et a riculture, 1978, and 
give the coefficients used in various types of eco-energy analysis. 
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a 


Energy unit: thousands of kcal 


(A) TYPICAL AGRICULTURAL INPUTS 


Items or service 


Nitrate fertilizers 


Liquid ammonia NH5 kg N 
Urea kg N 
Ammonium sulphate kg N 
Ammonium nitrate ( kg N 
Average fertilizers a) kg N 
Phosphates, mean P kg P 


Potassium fertilizers, mean K kg K 


Chalk kg 
Herbicides, pesticides kg 
Tractor (including 50 hp/h 
amortization, repairs, 65 hp/h 
etc.) 90 hp/h 
Hybrid maize EPL 

Irrigation tonne of 

water 


Construction material: 


Metal tonne 
Masonry tonne 


Specification 


Calorie coefficient used 


eee 


American 


18.52 
3.35 


Zoo 


24.25 


British 
Slesser Leach 
14.00 14.93 
18.46 19.95 
16.50 1957 
15.24 18.16 
| saa AT 19.11 
3.34 3.34 
Die DL 20k 
0.48 
30.58 23.89 
45.08 
54.86 
99.70 
Deed 
(pumped) 


(a) France = Pimental + transport 


(b) In Leach, seed deducted from output 
SO eg 


French 


26.11 


13,400 
800 
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ee ee Tee ee 


(B) FUEL AND ELECTRICITY 
Calorific coeffient used 


Items or service Specification 
American British French 

Slesser Leach 

Coal tonne 7 300 0 7 790 

m? 9.20 9.34 9.68 
ag ee 1 o5 10.20 9.49 8.23 
a : 7.5 11.09 10.35 9.59 
Rial oil 9.5 11.99 ES | 9.45 
it kxh 3.34 3.44 Late 

Electricity eh 


Oils and lubricants 
70 x 10%kcal/acre 10?keal/t x km 


Transport Gx ku 


(C) VARIOUS RAW MATERIALS 


Items or service Steinhardt Carillon Leach 

Steel and cast iron kg 19 

Copper, brass and alloys kg roe 

Paper kg 6.1 

Plastics kg 1.4 

Iron, wire, etc. kg 12.73 70.96 x 109 keal/t 


Industrial foodstuffs 


for animals kg 2.29 


Items Carillon Leach Leach Pimentel 
Proteins 
by unit 
weight (kg) 

Plants 

Maize kg 4 2.93 3.97 

Barley kg 4 2.60 0.068 

Wheat kg 4 3.44 0.103 

Potato kg 0.9 0.76 0.021 

Sugar beet kg 0.64 0.67 

Fodder MS 3.9 2.53 

Maize - green fodder kg 0.9 

Dry pulses kg 4 

Green pulses kg 0.08 

Oleagninous plants kg aso 

Animals 

Cows" milk kg 0.6 0.65 0.035 

Beef kg 1.8 2.43 0.13 

Eggs unit 0.096 0.08 0.105/kg 

Poultry kg i.6 1.44 0.208 

Pork kg 3.3 

1.8 


Mutton kg 5.06 
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APPENDIX IIT 


GLOSSARY OF SOME TERMS RELATED TO ENERGY(1) 


r to the text 


(1) This list is not exhaustive. The reader is advised to refe 


for additional information. 
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BARREL: Approximately 160 litres (or 42 US gallons): 
roughly equivalent to seven barrels. An out 
roughly equivalent to 50 tonnes a year. 


1 tonne of crude oil is 
put of one barrel per day is 


BATTERY: A device for converting chemical into electrical energy 


Neb s: Ba peta ci the quantity of organic matter re 

eings (generally the vegetation, or plant bi : 

used for the animal biomass) found ‘oe aacane, ened Hae: NF ag 
kg or t) of dry matter (DM) or in energy units cli gh ile Renae, eee 
area (m*, ha). In everyday language the term biomass is used ene oe 
materials (wood, agricultural waste, animal waste, agro-aliment refer to 
produced by living organisms and capable of yielding energy. ary waste) 


presented by living 


BIU: British thermal unit: 1 Btu = 252 calories (or 1,056 joules). 


CALORIE: Quantity of heat needed to raise the temperature of 1 g of water 
from 14.5°C to 15.5°C. One calorie = 4.18 joules. In the past, people 
also used the large calorie or Calorie, equal to 1 kilocalorie. 


CALORIFIC VALUE: The number of heat units obtained by the complete combustion 
of unit mass of fuel. In fuels containing hydrogen, which burns to water 
vapour, we distinguish between gross and net calorific values. The gross 
value is the total heat developed after the products are cooled to the 
starting point and the water vapour is condensed. The net value is the 
heat produced on combustion of the fuel at any temperature with the flue 
products cooled to the initial temperature, the water vapour remaining 
uncondensed. 


COMBUSTION: Generally a very rapid combination of oxygen with combustible 
substances. Combustion an exothermic reaction, is generally used to pro- 
duce heat, but it also produced light. 

The chief combustible substances or fuels are various combinations 
of the two elements carbon and hydrogen; the most important character- 
istic of a fuel is the quantity of heat generated by unit mass or volume 
of that fuel. 


ECOSPHERE: The set of all ecosystems; it is the layer on the earth's surface 
holding all living beings (biosphere) and all the elements constituting 
their living environment (biotopes). 


ECOSYSTEM: '‘'Unit" or ‘piece’ of nature characterized by: (1) its structure: 
an ecosystem is a coherent and homogenous whole comprising a biocoenosis 
(the association of animals and plants together, each with a specific 
population) and a biotope (a set of physical and chemical poe ee 
supporting the biocoenosis and determining its living conditions; it is 
therefore also the entire set of ecological conditions); (2) its func- 
tioning: an ecosystem is traversed by an energy flow and involves cycles 
of such chemical elements as N, P; KyaGa, . 22". 


sics: it is the kinetic 


= . d in nuclear phy 
ELECTRON-VOLT: Unit of energy used in P ree notenta ald 


energy acquired b% an electron losing one 


One eV = 1.6 x 10 joules. 


ENERGY: See the whole of this paper and especially the sections devoted to 


definition and forms. (the energy of a 


gy f kinetic ener 
- Mechanical ener comes in the form 0 SY P 
body by virtue of its motion) or of potential energy (the energy of a 
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body by virtue of its elevated position) or of ‘elastic" ener ( 
Oo gy 


energy of a compressed spring). 


ical compounds (bond energy); 
F : the energy stored in chemica : y 
i een ee so-called exergonic (generally exothermic) re 
fe ts 


‘ but absorbed during endergonic (generally enderthermic) re- 
pn We speak of potential chemical energy in the case of bodies 
ac . 


able of liberating energy by rapid combustion (wood, coal, petrol) or 
cap 
by slow combustion (food, ...). 


i flow of energy in natural or social 
ANALYSIS: The evaluation of the : 
et blag used especially to determine the energy cost of industrial pro 
> 


cesses. For eco-energy analysis (AEE) see page 24, 


ENERGY EFFICIENCY: A term generally defined as the ratio R of the amount of 
usable energy supplied by a converter to the amount of energy it uses up. 


This ratio is always smaller than 1. 


ENERGY REQUIREMENTS: Term used to refer to quantities of - mainly fossil - 
energy under the earth's surface. We must distinguish between established 


used prudently. 


ENERGY RESOURCES: The term 'resource' is generally applied to all parts of 
the environment needed by living organisms. Energy resources come in two 
Categories: renewable resources mainly of solar origin (biomass, hydrau- 
lic resources, etc. ---) and non-renewable resources (fossil energy). 


ENGINE: Generally a machine in which power is applied to do work; especially 


by H, such that H = U + pV, where U is the internal energy, p the 
pressure and V the volume. The variation in enthalpy of a System is equal 


ENTROPY: Name given to the function of State (designated by S) characterizing 
the state of "disorder' of a System. When a system at temperature T, 
undergoing a reversible change, takes a small quantity of heat a Q, its 
variation in entropy is given by: AQ (see Appendix I). 

AS = — 


FREE ENERGY: Function of State of a system in equilibrium, often expressed 
by F such that F=y - TS, where U is the internal energy, T the temper-— 
ature and § the entropy of the System. If the System experiences a4 
transformation at constant temperature, the variation in free energy of 
the system is equal to the work done on it (see Appendix IT) 


FRIGORIE: Term used by refrigeration industry; equals to one kilocalorie 
absorbed or "removed! from a System. 
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GREENHOUSE EFFECT: The capture of solar energy by the atmosph 
glass or plastic surface. The greenhouse effect is due ee or by a 
certain materials of being transparent to certain eouponents of maa 
adiation 


(in the near infra-red region, for exampl i 
» e), - 
(ultraviolet). pla)i,; while being opaque to others 


HEAT: Form : energy produced by the random movement of atom 
a body (see text, especially page 68 and A i 
ppendix I). The use 
heat can be put depend largely on the temperature. We dieting nia ee 


low temperature heat (or low energy heat) below 100°C the nenae ime 


which are mainly confined to heating, and high temperature (or high 


energy, heat)which can be used in heat engines and is th 
eref 
of supplying mechanical energy. erore capable 


S or molecules in 


HYDROGEN: The lightest element known, symbol H. The nucleus of the hydrogen 
atom consists of nothing but a proton. Hydrogen combines with oxygen to 
form water (H,0). It is also present in petroleum products. 


JOULE: Unit of energy equal to the work done when a force of 1 newton 
advances its point of application 1 m. 


KILOWATT HOUR: (See watt hour). Unit of electrical energy: 1 kWh = 3.6 million 
joules. 


OXIDATION: Addition of oxygen to another chemical element. Combustion is a 
special case of high temperature oxidation. 


OXYGEN: Oxygen (symbol 0) is an element indispensible for life on earth, and 
one that is moreover extremely plentiful, both on its own in molecular 
form (symbol 05) in the terrestrial atmosphere (20 per cent) and also in 
combination with other elements, particularly with hydrogen to form water 
(H,0). 


PHOTOSYNTHESIS: Capture of solar energy by the chloroplasts of green plants, 
as a result of which water (H20) and carbonic gas (C02) in the atmos- 
phere are converted into carbohydrates with a release of oxygen into the 
atmosphere. These photosynthetic reactions reflect the conversion of part 
of the solar radiation into energy stored in plants, with an efficiency 
that does not generally exceed just a few per cent. 


PHOTOVOLTAIC CELL: Crystal semi-conductor generally made of silicon and used 
to convert ultraviolet solar radiation into electricity; its efficiency 


is very small - from 10 to 20 per cent. 


ble) release of matter or 


POLLUTION: A term used to refer to any (undesira ee 
g to plants, anima.s and 


energy into the environment, potentially damagin ; 
human beings. The energy industries are responsible for many pega 
water and air pollution. Thermal pollution is largely connected wit ; 
thermal or nuclear electric power stations, which release the water use 
for cooling their boilers or reactors into rivers, lakes and seas. 

PRODUCTIVITY: In ecology, the productivity of an ecosystem is ae prenery =: 
living matter it produces in unit time, generally a year. The qu ae eae 
matter that can be removed from an ecosystem without pees are he 
newable character is a function of its productivity and not oO 


biomass. 
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i i be supplied or consumed by a system, 
: d with which energy can | 
pee a ase of doing work. The unit of power is the watt. 
fe) 
15 
: 1llion = 10°”. One quad 
i uadrillion of Btu; 1 US quadri 
sa ee eee approximately 25 million tonnes of oil equivalent. 
is 


RADIATION: Generally used to refer to energy in electromagnetic form which 
brave le in the vacuum with the velocity of light. 


REACTOR: That part of the nuclear power station in which nuclear reactions 
take place to generate heat. The most commonly used type is the aap 
(pressurized water reactor) which works with just enough pressure in the 
heat extraction circuit to prevent the water from boiling. 


SYSTEM: In its most general sense, the word system refers to a coherent set 
of interacting physical elements that can be isolated from the rest of 
the universe with the help of appropriate criteria. The term covers a 
vast diversity of phenomena, ranging from such large structures as the 
solar system to such tiny systems as a preparation of micro-organisms for 
examination under a microscope. In the stricter sense, the word can be 
applied to such structures as the energy systems we have been examining. 
They are coherent sets of converters along the path of the energy flow 
from the resource to the final point of application (see ecosystem). 


TCE: Energy released by the combustion of one tonne of coal (approximately 
seven million kcal). 


TOE: Energy released by the combustion of one tonne of oil (approximately ten 
million kcal). 


THERM: In the United Kingdom, a unit of heat equal to 100,000 British thermal 
units. 


WATT (W): Unit of electric power equal to one joule/sec. It is more usual to 
use the kilowatt (kW). 


WATT HOUR (Wh): Unit of electrical energy being the work done by one watt 
acting for one hour. One Wh = 3,600 joules; it is more usual to use the 
kilowatt hour (kWh) . 
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